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PREFACE 


In 1918 the senior author prepared a book on Animal Parasites and 
Human Disease designed to set fort!) interesting and important facts 
of human parasitology in a readable form that would make them avail¬ 
able to a wide range of intellectually curious readers. Although not 
so widely taken up by the general public as anticipated, this book was 
at once accepted as an introductory textbook in parasitology, and year 
by year was adopted by more and more teachers, colleges, universities, 
and medical schools throughout the country. With the fourth edition, 
in 1930, the book was entirely rewritten, rearranged to serve its func¬ 
tion as a textbook more efficiently, and presented under a new title, 
Introduction to Human Parasitology. The book was, however, widely 
used as a general introductory textbook, so with succeeding editions its 
scope has been broadened to include more and more references to, 
or discussion of, parasites of lower animals, particularly those of im¬ 
portance in veterinary medicine. To reflect this extension the title was 
again changed in the sixth (1940) edition to its present form. The 
parasites of man are still most fully considered and are used as exam¬ 
ples of their respective systematic groups, but all the parasites of veter¬ 
inary importance are at least mentioned, and many of them are dis¬ 
cussed. It would obviously be impossible to make detailed reference 
to parasites of other animals in an introductory textbook, but general 
statements are made concerning the occurrence of representatives of 
groups of parasites in various types of hosts. For completeness, such 
groups as the monogenetic flukes, strigeids, Cestodaria, etc., are dis¬ 
cussed in this edition. 

When Animal Parasites and Human Disease was first published, 
parasitology was taught in only a few universities, but there was a 
steady, gradual increase in the attention given to the subject up to 
about the beginning of World War II. It is hoped that this book may 
have played some part in the development of this gradually increasing 
popularity by stimulating the interest of students and by making easier 
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the task of the teacher. During World War II and for several years 
thereafter, there was a very sharp upturn in interest in parasitology, 
due to a belated realization of the importance of the subject as a factor 
in world health and in the welfare of military expeditions. With the 
advent of World War II, parasitology took its rightful place of promi¬ 
nence in the community of sciences and came of age in America. Dur¬ 
ing the war parasitological problems all over the world presented 
themselves for immediate solution, and the neglect with which para¬ 
sitology had been treated in the past became painfully apparent. 
There were distressingly few individuals who had had experience with 
even such common parasitic diseases as malaria or amebiasis, not to 
mention schistosomiasis, leishmaniasis, scrub typhus, etc., which few 
had ever even heard of. Our military forces performed a veritable 
miracle in correcting the situation. Not only were thousands of people 
trained for the efficient application of what was already known, but 
research in parasitology flourished as never before. 

Unfortunately, in the last few years interest in parasitology in the 
United States, particularly unfortunately in medical schools, has tended 
to fall back to its inadequate prewar status. We have tended to 
demobilize in our fight against parasites, just as we prematurely demo¬ 
bilized militarily immediately after the war. We have realized our error 
in the latter instance, but have not yet realized it in the former; 
however, unless we do something about our neglect of research and 
education in parasitology we shall inevitably regret it, and perhaps 
11 ooner than we think. The reasons for this are outlined in Chap¬ 
ter ) (Introduction) and need not be repeated here. It is enough to 
say that even though parasitic diseases at present are of relatively 
minor importance within the boundaries of the United States, they are 

', 1 X,lsl ,mpor,ance l() and we are very shortsighted in neglect¬ 
ing them as w e are now tending to do. 

i ho rapid advances in knowledge in the field of parasitology, which 
necessary 'o revise and largely rewrite this book every 
ipp- ared m 1918, have continued. In 
:ncc ‘- le nin *b edition was written, con- 
L: :i w ' ;c knowledge of the epidemiology 
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The chapter on M-ochetes, found in earlier editions, has been 
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deleted. These organisms are briefly treated with the other bacteria, 
the rickettsias, and the viruses in a chapter dealing with arthropod- 
borne nonprotozoans. 

Only enough classification and taxonomy are included to give the 
student an understanding of the general relationships of the parasites 
considered. Outlines of classification of major groups and a number 
of simple keys to important groups of genera and species of arthropods 
have been set in small type so that they do not interfere with the read¬ 
ability of the text and can be omitted if not considered necessary. 
Most students, however, will benefit from a little experience in the use 
of keys for identification. 

Discussions of correct scientific names and svnonymv have been 
mostly omitted as inappropriate in an introductory textbook. An 
effort has been made to use scientfic names that are most generally 
accepted as correct. Some of the names used, e.g., Dibothriocephaltis 
latus and Schizotrypanum , have not yet been accepted by the majority 
of North American authors, although the authors feel that eventually 
they will be. In such cases the instructor can, of course, have his 
students employ the more widely used names if he wishes; no harm will 
have been done by calling attention to the fact that there are differ¬ 
ences of opinion. Names that have long been in common use, although 
not now accepted as correct under rules of zoological nomenclature, 
are given in parentheses. 

Throughout the book special emphasis has been laid on the biological 
aspects of the subject. Considerable space is devoted to lile cycles, 
epidemiological factors, interrelations of parasite and host, and under¬ 
lying principles of treatment and prevention, rather than to such 
phases as classification, nomenclature, and morphology. This book, 
as an introductory one, is more concerned with fundamental principles 
than with the details that would interest a specialist. Clinical features 
of the diseases caused by the parasites are not dealt with sufficiently 
to satisfy medical students; these are left for the professor to fill in to 
the extent he desires, but the underlying reasons for the pathologic 
effects are adequately discussed. Some therapeutic details are also 
omitted, although the availability of effective drugs, their mechanism ol 
action, reasons for failure, effects on the host, etc., are considered. 

Parasitology has grown so rapidly in recent years and covers such a 
wide field that it is difficult to go very far into the subject within the 
limits of one book. Nevertheless it is believed that a comprehensive, 
integrated account of the entire field is much the most desirable 
method of approaching the subject at the start. Protozoology, helmin¬ 
thology, and medical entomology have many interrelations, and no 
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one of them can be satisfactorily pursued very far without some knowl¬ 
edge of the others. For more advanced work a comprehensive text¬ 
book is too cumbersome; the subject naturally splits into its three 
component parts. 

A brief list of references is provided at the end of each chapter for 
the student who wishes to pursue the subject further. Included are 
books or papers that give extensive reviews or summarizations of the 
subjects with which they deal or which contain good bibliographies; 
also included are a few of the more recent contributions of importance 
which would not be found in bibliographies of the other works cited, 
and which contain information beyond that cited in the present book. 
In the text, references that are included in the bibliographies have the 
date cited in parentheses; other references are usually made in the 
form “Smith in 1948 .. . .” It should not be too difficult for a student 
to trace down most of these references, if he wishes, through such 
journals as Biological Abstracts, Helminthological Abstracts, Tropical 
Diseases Bulletin, Review of Applied Entomology, Index Medicos 
Veterinary Bulletin, etc. 


In Sources of Information" at the end of the book is a list of the 
leading journals where important articles on parasitology frequently 
appear. ParUcuIar attention is called to the periodicals mentioned in 
the preceding paragraph. The Tropical Diseases Bulletin reviews 
practically all current work in the field of human parasitology esne- 
C,a V pr °* 020ol °P and helminthology. The Review of Applied Ento- 

trz, ' r'r* abStraClS 0f aU im P° rta "* contributions in 
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SZT* "T tan ! W ° rk ° n diseases of domest ic animals. Biological 
Abstracts contains abstracts of interest in parasitology in its sections 
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or contributors are due therefore the thanks both of the authors and 
of everyone who may profit in any way from the present book. 

The senior author passed away during the initial stages of the prep¬ 
aration of this edition. The junior author bears the total responsibility 
for the chapters dealing with protozoa and helminths and has rewritten 
the arthropod chapters largely from notes gathered by the senior 
author. 

As Professor Chandler would have done, I wish to express my appre¬ 
ciation of the kindness of many friends and colleagues who have helped 
in weeding out errors and in suggesting improvements. I hope that 
those who use the book will continue to offer criticisms or suggestions; 
they will be given careful consideration in future editions. 

Clark P. Read 


December, 1960 
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Chapter J. 

INTRODUCTION 


One of the most appalling realizations with which every student of 
nature is brought face to face is the universal and unceasing struggle 
for existence which goes on during the life of every living organism, 
from the time of its conception until death. We like to think of 
nature s beauties, to admire her outward appearance of peacefulness, 
to set her up as an example for human emulation. Yet under her seem¬ 
ing calm there is going on everywhere-in every pool, m every meadow, 
in every forest—murder, pillage, starvation, and suffering. 

Man often considers himself exempt from this interminable struggle 
for existence. His superior intelligence has given lum an insuperable 
advantage over the wild beasts which might otherwise prey upon him; 
his inventive genius defies the attacks of climate and the elements; 

his altruism, which is perhaps his greatest attribu e protects to a 
great extent the weak and poorly endowed individuals from the quit 
extinction which is the inevitable lot of the unfit ... every other specie 
of animal on the earth. Exempt as we are to a certain extent from 
these phases of the struggle for existence, we have not yet fr d ou - 
selves from two other phases of it. namely, competition among our 
selves resulting in war. and our fight with parasites which cause disease 
We'have made far more progress toward the latter phase than.toward 
the former The very inventive genius that has freed us from the 
great epidemics of infectious disease-cholera, plague, smallpox ydkm 
fever-that even in the nineteenth century spread terror ... the s or 
has made our struggles with each other constantly more dcv» a.mf, 
and perilous, until today they threaten complete destruction f ur 
civilization. No epidemics of disease ever threatened anyth ng hkc 
that, even in the early days of our civilization when cluingg wa>s. of 

life gave epidemics opportunities they never had had before n tl.c 
history of the world, and when we had not yet developed counter- 

measures against them. . . i 

But our concern in this book is with the more auspicious struggh 
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with parasites. Here progress has been largely one-sided, for the 
slow process of evolution on which our parasitic enemies must depend 
is no match for the swift development of advantages afforded by 
human ingenuity; we purposely refrain from saying “intelligence,” 
since the application of our ingenuity to destruction of each other can 
hardly be construed as intelligence. With few exceptions as far as 
man and his domestic animals are concerned, the enemy has been 
discovered, his resources and limitations known, his tactics understood, 
and weapons of offense and defense developed. Progress is not always 
one-sided, however. When we developed powerful chemotherapeutic 
drugs and deadly residual insecticides, we thought we had achieved 
insuperable advantages, but bacteria and trypanosomes countered 
with drug resistance, and flics with chemical tolerance. So we invent 
new chemical weapons and the parasites and vectors new defenses, 
but the latter seem able to work faster than our chemists. 

There is another disquieting aspect of the matter. Most of our 
progress has been medical or chemical—development of therapeutic 
and prophylactic drugs, vaccines, and insecticides. These successes, 
as Vauce! pointed out. along with good environmental and social 
conditions, have been adequate to protect the privileged Europeans 
and Americans even when living in undeveloped and underprivileged 
countries, and also the infinitesimal fraction of natives in these 
countries (usually called the tropics, but not confined to that area) 
who live European lives. Our medical successes have had much less 
. ffoct on 'lie millions of people who are living under practically the 
conditions as they lived under several thousand years ago. Some 
on: great medical victories have affected backward populations, 
hut only when they have not involved imnnii.ni _ 
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from what he considers the minor plagues of the topics, caused by 
filariae, Onchocerca, guinea worm, hookworms, Ascaris, schistosomes, 
F asciolopsis, trypanosomes, Leishmania, and such diseases as relapsing 
fever, yaws, and tropical ulcer, to mention only a few. But these are 
all part and parcel of the native’s daily life; he cannot avoid them, yet 
they incapacitate him for work, blind him, mutilate him, and make his 
life miserable. So little have most of these diseases affected (he white 
man that most of them are probably totally unfamiliar to students 
starting to study this book. 

So, in spite of some spectacular successes, the human race still has 
far to go in the process of emancipation from parasitic disease. It will 
require improvement in social and economic conditions of great masses 
of people—the provision of wells, latrines, decent housing, refuse dis¬ 
posal, proper food, shoes, and elimination of insect vectors—and also 
education. Of all these items, probably two stand out in importance; 
proper food, since malnutrition not only causes disease per se, but is 
a very large factor in ability to fight other diseases (see p. 30); and 
education, because only by knowing what is dangerous, and why, can 
mankind hope to win in the struggle with disease. 

In spite of the fact that most of the parasites dealt with in this book 
are now relatively scarce, localized, or entirely eliminated ... the 
United States, it does not follow that they are of little importance to 
us In these days, with international travel as common as interstate 
travel was a generation ago, many a home-town physician has to 
deal with patients suffering from diseases which previously had been 
only names to him. Also the opportunity for dissemination of parasites 
or vectors entering as stowaways in airplanes, or on or in the todies 
of passengers, is greater than ever before. Even when it took week 
or months to go from continent to continent, dispersal of parasites as 
common. Traders brought filariasis from the South Seas to Egyp , 
slaves brought hookworms and schistosomes from Africa to Amerea 
and trading vessels carried yellow fever from the American tr.q. cs 
New York and Philadelphia. What can be expected when wc can 
have breakfast in Colombia and supper in Florida. 

But this is not all. Isolationism is gone, whether wc like it or not 
The world is fast becoming an economic unit, or at least two competing 
economic units, and a disease that affects the production of rice n 
Burma or meat in Argentina or coffee in Brazil inevitably affects «u 
economically, and our stake in the welfare of undeveloped countr cs 
large already, will inevitably increase. We have less than 10/c of the 
worlds population and 8% of its area, but we use 50% of the produce 
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of the Free World. We depend on foreign sources for over 40% of 
our minerals, and 10% of our other raw materials—soon it will be 
20%. Undeveloped areas of the world—the areas principally affected 
by parasitic diseases—supply 60% of our imports and 40% of our 
exports. Obviously, then, the diseases that profoundly affect the 
health and productivity of these areas are of very real concern to us. 
We also import certain parasitic diseases which may spread no further 
but must be reckoned with in public health planning. For example, 
approximately 70,000 persons in New York, 2000 in Chicago, and 
1500 in Philadelphia are infected with the blood fluke. Schistosoma 
mansoni. These are persons who have migrated to the continental 
United States in the last few years. The diseases from which under¬ 
privileged people suffer are chronic ones, as Wright (1951) pointed 
out, and sick or incapacitated people are a greater drain on produc¬ 
tivity than dead ones. 

We cannot credit all our relative freedom from parasitic diseases to 
our own purposeful efforts. With the progress of civilization, many 
human parasites have gradually been falling by the wayside, but the 
less civilization has advanced in an area the fewer have fallen. As 
M. C. Hall said, the louse had its welfare imperiled when the Saturday 
night bath supplanted occasional immersion from falling into water; 
it had a struggle for survival when modern plumbing and laundering 
facilities laid the foundation for a daily bath even in winter, and clean 
clothes once a week. The housefly got a severe setback when the 
if ;vv''b>U“ rcolif.cd ihe horse, and when modern sewage systems were 
!cpe I Vosqr.itoes suffered with the advent of agricultural drain- 
’ -c< tarnation schemes. With the reduction of these vectors 
n ... »he protozoan and bacteiial diseases they dissemi- 
typhus, dysentery etc. Of course, the advent 
* ! up the process in some cases, but epidemic 
c 1 ai malari ' 1 become quite limited geo- 

real and allied 
Subs tit* bon c* sanitary toilets for the 

shaded soil of un- 


ion tor find Ascaris. Cooking 

■ more > an u VrichineUa and Taenia. 
‘ tphes good s a lisp sal are dangerous to 

: ; otestmal infecti >cs. To the it that these concomitants of 
civilization have l come part of the way of life of a people, parasitic 
™ have decrea sed < • cn without new insecticides, new cliemo- 
therapeutics, o: now valines. T!u , specifically developed weapons 
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have practically completed the white man s freedom from most of 
the infectious diseases that he once justifiably feared; radical changes 
have been wrought even since the last edition of this book was 
published. 

For our domestic animals, on the other hand, domestication and 
increasing concentration have meant increasing parasitization, for they 
soil their table with their feces, they eat uncooked food, they drink 
contaminated waters from ponds and streams, they bathe only by 
accident, and they have hairy bodies that provide ideal playgrounds 
for ectoparasites. The parasite egg that had to pursue a deer or 
antelope to a new bedground five miles away was out of luck, said 
Hall, whereas when millions of eggs are sowed on limited pastures, 
the parasites have all the advantage. For human parasites, increased 
concentration had an opposite effect owing to better opportunity for 
improved water, control of foods, and sanitary sewage disposal. But 
the parasites of the roaming deer and antelope are in a less vulnerable 
position than those of cattle or sheep. Some years ago the U. S. 
Department of Agriculture exterminated Texas fever in the United 
States, and eliminated Boophilus annulalus, but it took years of hard 
and expensive work. Today warbles, hornflics, screwworms, sheep 
bots, and cattle lice could probably be exterminated in a fraction 


of the time and at much less cost. 

In spite of spectacular advances in our struggle with parasites, it is 
obvious, then, that the battle is far from won. In 1947 Stoll made 
the startling estimate that there are in the world today 2200 mil ion 
helminthic infections—enough for one for every inhabitant if they 
were evenly distributed. We have sufficient knowledge to be able 
to control most, though certainly not all (schistosomiasis is a conspic¬ 
uous exception) of the infectious diseases of ourselves and of our 
domestic animals, but they are still mostly unsubdued in vast areas o 
the world There is not only need for additions to our knowledge of 
the causes and control of diseases, but also, and perhaps even more 
pressing, a need for the efficient application of what we already know. 
Apathy to parasitic diseases is largely the result of ignorance concern¬ 
ing them. Although this ignorance is most abysmal in still-primitive 
peoples of undeveloped countries, it is by no means absent in our 
own country. Some of our neighbors still think that malaria results 
from damp night air, that vaccination should be done away with, that 
animal experimentation is unjustified. After all. it is only 200 years 
since our Pilgrim Fathers boiled witches instead of water to control 


cholera! 
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History 

Early views. Up to the middle of the seventeenth century knowl¬ 
edge of parasitology was limited to recognition of the existence of a 
few self-asserting external parasites such as lice and fleas, and a few 
kinds of internal parasites which were too obvious to be overlooked, 
such as tapeworms, Ascaris, pin worms, and guinea worms. These 
parasites were, however, thought to be natural products of human 
bodies, comparable to warts or boils. Even such immortal figures in 
parasitology as Rudolphi and Bremser at the beginning of the nine¬ 
teenth century supported this idea. In Linnaeus’ time this view 
gradually gave way to another, that internal parasites originated from 
accidentally swallowed free-living organisms. Flukes, for instance, 
were thought to be ‘‘landlocked” leeches or “fish"; in fact, the name 
fluke is said to come from the Anglo-Saxon floe , meaning flounder. 
Until the middle of the seventeenth century the necessity for parents 
w as regarded as a handicap placed upon the higher vertebrates alone. 
Biology students struggling with required insect collections sometimes 
wonder how Noah ever succeeded in collecting all the species which 
must have been known even in his day for rescue in the Ark, but that 
was no worry of Noah’s; he anticipated that insects, worms, snakes, and 
mice would be spontaneously generated after the flood as well as 
before. 


•t. -li. The grandfather of parasitology was Francesco Rcdi. who 
' born in 1(i26 - 1,1 d'e latter half of the seventeenth century he 
.h'lncii' tiatcd to an unbelieving world that maggots developed from 
s of (lies, and that wen Ascaris had males and females and 
pro,.need eggs ^ He o :lcn<hd the idea of parenthood so far that it is 
10:1,5 llwj =«- universal application, even to bacteria, had 

T, „ , i astc, “ higeni .us experiments two centuries later. 
* 1 edl ' ,M,on ol obligatory parenthood in lower animals 

r '** outstanding “ c, " e 1 v " men »' be was the first genuine parasite 

md """ ;! *bem no! only in human bowels but 
... od.o, human organs, in the intestines of Inver animals, in the air 
sacs o! birds. lnv , -|,l er . c , fi vh 

L^nwenhoek. 7 hfa me half.„ .. marked the origin of proto- 

*** ***«» lens grinder. Leeuwenhoek. 
kt!f«.en ,m <r ,.s , , enabled him to discover and describe 

water^f mai ? "»*>****• as Protozoa, in rain 

wh . : ,n ;? • • ** *»•»<■- * he discovered 

Pr0bab,y a C,0r,lu, > although the first protozoan definitely 
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recognized as a human parasite was Balantidium coli, discovered by 
Malmsten in Sweden in 1856, nearly two centur.es later 

Rudolphi. In spite of the work of these pioneers, parasitology made 
little progress until about a century later, when Rudolph, came upo 
the scene He was born in Stockholm in 1771 bu d.d most of h. 
work in Germany. He did for parasitology what Linnaeus d.d for 
zoologists in general; he collected and classified all the parasites known 
up to his time. Zeder, in 1800, recognized 

Rudolphi named Nematoidea, Acanthocephala, Nematoda Cestocla 
and Sica; the las, had to be discarded about 50 yea« ^er when 
bladderworms were found to be the larva! stages f ‘he Ce°la- 
Developments to 1850. During the first half of the mnetcemn 

« n f vf 11 IIpr discovered cercariae in ln-s Dul ulou ^ 

— the embryos 4Um ™ "b«b~,5±' 1 *,0 enough 

SLTK iStiW - - •— 
£2ZTJ - “-..rS'S’ £ 

tapeworms gradually became appare nt, bu up to 

generally regarded as hydropic., y ^ ^ (hcy had accidentally 

velopmcnt m » 1 ' also that Trichinclla was discovered 

strayed. Itwas d..nnfc ,*» ^ ljjRS by Leidy (1846); that 

in human Hesh by I cjcock [ /\R49)- tint Hake discovered 
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middle of the nineteenth century, when Herbst (1850) experimentally 
infected animals with Trichinella, and Kuchenmeister in 1851, having 
the right idea about the nature of cysticerci, proceeded to prove it by 
feeding species of Taenia from rabbits to dogs and obtaining adult 
tapeworms. Two years later Kuchenmeister proved that bladder- 
worms in pigs gave rise to tapeworms in man, as he had suspected 
because of the similarity of their heads. 

These results gave a tremendous impetus to work in parasitology 
which has persisted to the present day, although it was temporarily 
eclipsed by the spectacular advances in bacteriology from about 1880 
to the end of the century. The name of Leuckart stands out with 
especial brilliance in the early days of experimental parasitology; 
other shining lights in helminthology, who began their work before the 
beginning of the twentieth century, were Braun, Hamann, von Linstow, 
I.ooss, Liihe, and Schneider in Germany; Blanchard, Brumpt, Nloniez, 
and Railliet in France; Cobbold and Nuttall in England; van Beneden 
in Belgium; Odhner in Sweden; Fulirmann and Zschokke in Switzer¬ 
land; Galli-Valerio, Crassi, and Stossich in Italy; and Cobb, Curtice, 
L*(‘idy» 1 heobald Smith. Stiles, and Ward in America. In protozoology 
there were Biitschli, Doflein, Koch, von Prowazek, Schaudinn, and von 
Siebold in Germany; Oavainc, Megnin, Laveran, Legcr, Nicolle, Ser- 
gent. and Aime Schneider in France; Bruce, James, and Ross in 
England; and I.eidy, Calkins, and Craig in America. 


insects as intermediate hosts and vectors. Following work on 
•'* - cycles of helminths came the demonstration of the role of insects as 
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of a developmental cycle in the fly was not made until 1909 by Kleine. 
The year 1898 brought not only the epoch-making demonstration of 
the role of mosquitoes in the transmission of malaria made by Boss in 
India and by Grassi in Italy, but also the discovery of penetration of 
the skin by hookworm larvae, made by Looss in Egypt. In 1900 the 
important discovery of the transmission of yellow fever by mosquitoes 
was made by the American Yellow Fever Commission in Havana. 
From this time on, discoveries in the life cycles and modes of trans¬ 
mission of parasites came thick and fast. 

Chemotherapy. Important progress has also been made in the 
chemotherapy of parasitic infections. One of the earliest specific reme¬ 
dies known was quinine for malaria, introduced into Europe in the 
seventeenth century; with the other alkaloids of cinchona it held the 
field for almost 300 years. It was not until the early part of the twen¬ 
tieth century that other important specific drugs were discovered- 
Salvarsan for syphilis by Ehrlich in 1910; emetin for amebic dysentery 
by Rogers in 1912; tartar emetic for leishmaniasis by Vianna in 1914; 
Tryparsamide for sleeping sickness by Brown and Pearce in 1920- 
1921. During and after World War II came the discoveries of the 
amazing action of antibiotics against syphilis, rickettsial diseases, and 
amebiasis, as well as many bacterial diseases. During this period 
also came the discovery of Chloroquine to replace quinine and atebrm 
for treatment and prophylaxis of the blood forms of malaria, and dis¬ 
covery of Primaquine and Daraprim for radical cure by destruction 

of the tissue stages of malaria parasites. 

In the field of anthelmintics a few remedies—male fern. Cusso, and 
areca nut for tapeworms, and Santonin for ncmatodes-have long been 
known. The first great advance was made when some Italian workers 
established the value of thymol for hookworms in 1880. This held 
the field for over 30 years but was succeeded by oil of chenopodiuin m 
1913 carbon tetrachloride in 1921. and tctrachlorethylcnc in 1925. 
Chenopodium was also very useful for Ascaris but was supplanted by 
hexy (resorcinol about 1930. and since World War II has been threat¬ 
ened by Hetrazan and piperazine. The value of antimony compounds 
for schistosomiasis was discovered by McDonagh and Cliristopherson. 
Gentian violet was introduced as an anthelmintic in 1927 but has 
largely been replaced by chloroquine for Clonorchh, by piperazine 
for Enterobius, and will probably be made obsolete for Strontyloidcs 
by the new drug, dithiazanine. Also, in 1038, Harwood set a landmark 
when he showed the value of Phcnothiaz.ine as a veterinary anthel¬ 
mintic. Hexachlorethane for Fasciola was introduced in Europe in 
1926 but was not fully appreciated until 1941. During and after 



10 Introduction to Parasitology 

World War II atebrin was found to be effective against tapeworms, 
and the value of antimony and arsenic compounds for filariasis was 
established by Brown, Culbertson, and others. After the war Hetrazan 
was introduced for filariasis and has been a useful drug against other 
helminths. 

In the field of insecticides the outlook for control of nearly all 
arthropod parasites and arthropod-borne diseases was revolutionized 
by the advent of DDT and other chlorinated hydrocarbons for use as 
residual sprays, beginning about 1943. Development of aerosols and 
effective repellents has added to the troubles of insect parasites and 
vectors. A dramatic testimonial to the effectiveness of these develop¬ 
ments was the voluntary dissolution of the National Malaria Society in 
1951 because of the attainment of its goal—the elimination of malaria 
as a major public health problem (since then as an endemic disease) 
in the United States. 


Immunity. Study of the nature and mechanism of immunity to 
parasitic infections is fairly recent, having been developed mainly by 
American workers. The work of W. H. and L. B. Taliaferro in 1925 
on the mechanism of immunity in trypanosome and malaria infections 
was the beginning; W. II. Taliaferro, with Cannon, Huff, Saries, and 
other collaborators, has been prominent in further work in connection 
with immunity both to malaria and to nematode infections. A pioneer 
Piece of work in acquired metazoan immunity was done by Blacklock 
and Cordon on the skin maggot ( Corrfybbia) in 1927, and another 
':y Miller (1931) on larval tapeworms in rats. Since then, many 
important contributions to metazoan immunity have been made by 
nearly a score of American workers. 


Development of parasitology in America. In concluding this 
histuiical section a brief resume of parasitology in America is in order. 

y early i lturalist in \merica who took an interest in this sub- 
j ocJ vas J° se P h UilI V; during the last half of the nineteenth century 
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t J wofT * V U° f50 years ^ also stin dated interest 
‘ ‘ i ers * r *v.mn in American parasitology can best be 

i'l'c!r< rfi * “ re f IW ,hat amon * Ac student who started 
' ' careers under him at the University of Illinois were 

La, . U, ‘-- Manter Mfflw. Stunkard, Thomas, 
au,l Nan Cleave. The only other university which even approaches 
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PARASITES IN GENERAL 


Nature of parasitism. The world of animal life consists of com¬ 
munities of organisms which live by eating each other. In a broad 
sense all animals are parasites, in that they are helpless without other 
organisms to produce food for them. Plants alone are able to build 
up their body substance out of sunlight and chemicals. Herbivorous 
animals, when they feed on vegetation, exploit the energy of the plants 
for their own use. Carnivorous animals, in turn, exploit the energies 
of the herbivorous ones, larger carnivores exploit the smaller ones, etc., 
the whole series thus constituting what ecologists call a food chain; 
many such chains can be traced in any animal community. 

Hut animals and plants are not preyed upon alone by successively 
larger forms which overpower and eat them; they are also preyed upon 
by successively smaller forms which destroy only small, more or less 
replaceable portions, or even more subtly exploit the energies of the 
hv '“t’ the food which the host has collected with 

expenditure of time and < nergy. Elton (1935) said. The difference 
'“•"' e(n .i carnivore and a parasite is simply the difference between 
livim' upon capital and income, between the burglar and the black- 
rra lev. 1 ho gem i d result is the same although the methods employed 
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morally more oblique in their habits than other animals as if they 
were taking some unfair and mean advantage of their hosts, is, as 
Elton remarks, unjustified. Carnivores and herbivores have no interest 
f n the welfare of their prey and ruthlessly destroy them; parasites of 
necessity cannot be so inconsiderate, for their welfare is intimate 
bound up with the welfare of the host. ‘‘A parasites existence says 
Elton "is usually an elaborate compromise between extracting suffi- 
cient'nourishment to maintain and propagate itself and not .mparnng 

numbers, running into food js lu ,b „f the wheel of 

Parasilea and f;» «1 ; maliy parasites have taken advan- 

ammal hfe, it is natural m ( , rik . r propagate themselves 

,age of ' Protozoa usually solve the problem by 

from host to host. Into. ^ can survive out- 

entering into a resistant cys i with its food or water. 

Blood Protozoa, such as '^' "..eking insects which feed on the 

adapted to live temporar.ly in »- her ^ M()s , |lukes 

host and subsequently rempet jn body of an 

and tapeworms lay eggs whKh|d. sc. , ^ ^ ^ ,,, a third 

animal which the host ha . definitive host. Some intestinal 

animal, which is then eaten l» h sut h as Avcun.v, 

nematodes, such as the slill otllcrs , such as 

follow the tactics o in « t . m | >ry os which actively burrow into 
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the food habits of animals is that the food habits largely determine 
the nature of the parasites harbored. Ascaris , Trichuris, intestinal 
Protozoa, etc., are abundant where unsanitary conditions favor fecal 
contamination of food or water; many fluke infections of man are 
abundant in localities in the Far East where fish is habitually eaten 
raw; species of Taenia are abundant where pork or beef is eaten raw 
or partly cooked; guinea worms are common where infected Cyclops 
is ingested with drinking water; and spiruroid infections occur only 
accidentally in man because the human animal is nowhere habitually 
insectivorous in habit. 

Origin of parasitism. Parasitism, in the restricted sense of a small 
organism living on or in, and at the expense of, a larger one, probably 
arose soon after life began to differentiate in the world. It would be 
difficult, if not impossible, to explain step by step the details of the 
process of evolution by which some of the highly specialized parasites 
reached their present condition. Parasitism at times has probably 
grown out of a harmless association of different kinds of organisms, 
one of the members of the association, by virtue, perhaps, of charac¬ 
teristics already possessed, developing the power of living at the ex¬ 
pense of the other, and ultimately becoming more and more dependent 
upon it. 


It is easy to understand the general mechanism by which parasites 
of the alimentary canal were evolved from free-living organisms which 
were accidentally or purposely swallowed, and which were able to 
survive in the environment in which they found themselves, and to 
adapt themselves to it. It is also easy to see how some of these 
parishes might eventually have developed further territorial ambitions 
;i.d have extended the ir operations beyond the confines of the alimen- 
M? ' * of some of the blood Protozoa of 

ltc! " otl ‘ 1 band, seems clearly to have taken place in 
‘ ‘ st< P m ' adaptation t life in the gut of insects and, second, 
adaptation to life vertcb - s bk >d s when inoculated by 

hosts with skin-piercing and bloodsucking habits. 

K j nd8 oi ‘‘ ' ' 1 i all kinds and degrees. There 

are^ facultative parasites vhich may be parasiti , r fre< living at will. 
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he purpose of molting and laying eggs, some i.todkl ticks never leave 
teir os except or the final egg-layiug venture from which there is 
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no return; Ascaris and intestinal Protozoa live in one host from the 
time they hatch from an egg or a cyst until they die but produce eggs 
or cysts which escape to be transferred to a new host. Some parasites 
are such during only part of their life cycles; botfl.es, for instance are 
parasitic only as larvae, hookworms only as adults. The final degree 
of parasitism is reached in those parasites which live generation a^er 
generation on a single host, becoming transferred front host to hos 
only by direct contact. Such are the scab mites and many species of 
lice. Every gradation is found among all the l > ° P arasi 1 

“Ttt sometimes convenient to classify parasites according to whether 

mmmtm 

and such worms and mites as burn j 

skin, might be placed in parasUcs pass different 

host and those m which . ^ tQ thesc definitions, however, 

the intermediate hosts. Strict . . Protozoa. For example. 

leads to some pecuhar sm.a ions a.^^gi jn m „ squ itoes. 

since the malar.a parasites e d .* ^ definitive host and 
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no sexual reproduettonoe^ ailliculties. the authors prefer 
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group, parasites have little need for sense organs and seldom have 
them as highly developed as do related free-living animals. Fixed 
parasites do not need, and do not have, well-developed organs of 
locomotion, if, indeed, they possess any. Intestinal parasites do not 
need highly organized digestive tracts, and tapeworms and spiny- 
headed worms get along very well without any digestive tract at all. 
On the other hand, parasites must be specialized, often to a very high 
degree, to adhere to or to make their way about in their particular 
host, or the particular part of the host in which they find suitable 
conditions for existence. Examples of specializations of external 
parasites are the compressed bodies and backward-projecting spines 
of fleas, which enable them to glide readily between hairs without 
backsliding; the clasping talons on the claws of lice; the barbed 
proboscides of ticks; and the tactile hairs of mites. In these same 
parasites can be observed marked degenerations in the loss of eyes 
and other sense organs, absence of wings, and sometimes reduction 
ot legs. Internal parasites are even more peculiar combinations of 
degeneration and specialization. They possess all sorts of hooks, 
barbs, suckers, and boring apparatus, yet they have practically no 
sense organs or special organs of locomotion, a very simple nervous 
system, and sometimes, as said before, a complete absence of the 
digestive tube. 

Most remarkable are the elaborate specializations of parasites in 
their reproduction and life histories to insure, as far as possible, a 
safe transfer to new hosts for succeeding generations. Every structure, 
every function, every instinct of many of these parasites is modified, 
to a certain extent to* the sole purpose of reproduction. A fluke does 
not eat to live, it cats only to reproduce. The inevitable death of the 
host is the parasites •Joomsday. against which it must prepare by 
producing all the offspring possible, in the hope that enough will 
survive to keep the race irom extinction. The complexity to which 
the development of the reproductive systems may go is almost in¬ 
credible. In some adult tape worms not only does every segment bear 
complete male and female reproductive systems, but it may bear two 
s« ?s ol each. T he number of eggs produced by many parasitic worms 
may run well into the millions. The complexity of the life history is no 
less remarkable. Not only are free-living stages infprnnc#»rl 


intermediate hosts made to 
often 


ing stages interposed and 
serve as transmitting agents, but also 


asexual multiplications, sometimes to the extent of several 
generations, arc passed through during the course of these remarkable 
experiences. 

Mutual tolerance of host and parasite. In the course of time a 
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mutual adjustment or tolerance frequently develops betweena 
and parasite which permits the two to live together as a sort of com 
round organism without very serious damage to either, t nu.y no 
be in the best interest of the parasite to destroy its host, tor m so 
doing it would destroy itself. Excessive pain or irritation caused b> 
ectoparasites is likely to lead to their own destruction at the hands 01 
teeth of their irritated hosts. In well-established host-parasite rela¬ 
tions the host protects itself against the injurious eilects o paras.tes 
by placing its blood-forming and tissue-repairing ~ s 
plane of higher activity and by developing antibodies that mteHer*. 
in various ways with the activities or welfare of the parasites (sec 
„ 26) There may also be an increase in the number of phagocy tes 
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sometimes severs., in which these conditions 
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are satisfactorily met; otherwise it would cease to exist. Usually there 
are other hosts in which one or both conditions are only occasionally 
met, in which case “accidental” parasitism results. Man’s failure to 
utilize insects as food, except accidentally, relieves him from common 
infection with parasites such as spiruroids, Acanthocephala , and most 
tapeworms, which encyst in insects as intermediate hosts; he is, how¬ 
ever, susceptible to a great many of these parasites when they do 
get access to him. On the other hand, man must commonly be 
exposed to infection with such parasites as bird malaria, animal 
schistosomes, dog and cat hookworms, and bird filariae; yet infection 
rarely or never occurs because the parasites do not find suitable con¬ 
ditions for normal development in the human body. Such animals as 
rats, dogs, cats, and various domestic animals must very often be 
exposed to infection with human parasites, yet they habitually harbor 
very few of them. 

Some parasites are spread by direct or indirect contact with infected 
parts, e.g., the mouth amebas, itch mites, trichomonads, and free- 
moving ectoparasites. The parasites of the digestive system may gain 


entrance by the larvae boring through the skin and then migrating to 
their final destination, (e.g., hookworms) but more commonly they 
enter the mouth as cysts, eggs, or encapsulated larvae. 

Successful access to a host does not necessarily mean successful 
establishment in it. Various parasitologists have shown that the 
escape of protozoa from cy ts, of helminths (e.g., Ascaris) from eggs, 
ot tapeworms or flukes from their capsules or cysts, and of nematodes 
♦rom sheaths all depend on complicated and neatly timed interaction 
i 1 ' i olving host ind parasite ph\>io!ogy. These interactions 
na Y ' 1(1 ’ successful escape and consequent establishment of a 
l 5 rtfrular parasite in one host but not in another, and of one parasite 
.: .1 not another even if ck) elated, in a particular species of 
host (Read, 195S). 

Mo>t helm in liis mu t vade the skin or mucous membranes of 

•heir hosts. S nv.e hcl.ninttis have mechanical devices to aid them 

*1 tapeworm embryos), and some have portals 
7 " !V > 101 them Ihcii vectors (e.g.. the filariae), but many 

depend largely glandular secretions. These may contain various 
enzymes to aid them, including a hyahironidase-like substance or 
spreading tacior as Ess linger (1958) demonstrated for screwworms, 
but particularly enzymes that aid the parasite’s progress by liquefying 
glycoproteins of basement membranes and intercellular cements (see 
Lcwert, 19oS). Such enzymes are present in secretions from schisto¬ 
some cercanae and eggs, St rongy hides embryos, tapeworm embryos 




and developing larvae, Hypoderma larvae, and probably others. The 
basement membranes and ground substance are thicker and denser 
in older animals, which may be an important factor in age immunity 
(see p. 26) and in certain hormone deficiencies, whereas the glyco¬ 
proteins are reduced by pregnancy and by vitamin C deficiency. 
Invasion may also be facilitated by other organisms. Nematode larvae 
may help viruses enter the central nervous system; Hislomonas may 
be safely carried through the stomach in the eggs of Hcterakis; and 
amebas completely fail to invade the mucous membranes of axen.c 


(germ-free) hosts. 

After penetration many helminths have to perform extens.ve mira¬ 
tions through the hosts’ tissues to reach their ultimate destination. 
Human hookworms after penetrating the skin enter the circulatory 
system go via the heart to the lungs, escape into the lungs, migrate to 
the throat and are swallowed. Asairis lumbricoides docs the same 
except that its point of departure is the intestinal mucosa. In normal 
hosts a series of reactions or stimuli guide them in the right direction, 
but in strange hosts the physiological road signs are missing and the 
parasites get lost and wander aimlessly in abnormal locations, tailing 
to mature. Anajlostoma braziliense migrates normally in its natural 
cat and dog hosts, but in man it merely rambles under the skin, 
causing creeping eruption. Toxocara amis of dogs tends to go to 
the muscles and brain of mice, but primarily to the liver in man 
(see p. 459). Horse bots (Casleropldlus), the lung fiukc (Para- 
gonimus), and gnatl.ostomes are other parasites that creep aimlessly 
in the skin or eyes of man. The larvae of the pork tapeworm encyst 
in the muscles of the normal pig host but. in man. often blunder into 
the eye or brain. Filariae of the genus Solaria live in the mesenteries 
of their normal hosts but often invade the eyes or brain of foreign 


hosts. . II t i 

After arriving at a proper destination, parasites must still find con- 

ditions suitable for their continued growth, development, and repro¬ 
duction. Read and his colleagues (1959) showed that the abundance 
of urea in the spiral valve of clasmobranchs is osmotically essential 
for certain tapeworms but may inhibit other parasites There is 
evidence that the bile salts in correlation with the pil and other 
physical characteristics of the intestine may have similar effects. 
Ackcrt in 1938 found a substance in duodenal mucus, abundant in 
older chickens, but not in baby chicks, that inhibits Ascand ,a. High 
temperature may keep mammalian parasites from developing m 
birds, etc. 

There are many ways in which diet may affect the kinds of parasites 
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harbored by a host and how much it suffers from their effects 
(see Chandler, 1959). Schiller, Read, and Flyger found that when 
squirrels eat dog biscuits instead of acorns they become congenial 
homes for the dwarf tapeworm, Hymenolepis nana , which is never 
harbored by them under natural conditions. Oguri and Chu in 1955 
found that ducks fed on poultry feed are entirely refractory to a 
trematode of the cloaca, whereas if fed on squid they become as 
susceptible as the natural sea-bird hosts. Elsdon-Dew reported that 
when Africans are transplanted from their native bush villages to 
a city, with revolutionary changes in what they eat, the Entamoeba 
histolytica that they harbor changes from a relatively harmless 
inhabitant of the intestinal lumen to a highly pathogenic tissue invader. 
De Witt in 1956 found that when mice are infected with schisto¬ 
somes and fed a certain deficient diet, injury to the host enhances 
susceptibility so that many more worms become established, but 
the diet also harms the worms so they do not grow or develop 
normally. 

I lie amount of damage done by hookworms is very largely de¬ 
pendent on the extent to which the diet replaces the iron and protein 
that is lost in the blood they waste. High protein diets tend to 
eliminate flagellate infections, which are conspicuously few in strict 
carnivores. A pure milk diet, lacking in p-aminoben/.oic acid, is 
reported to suppress the malaria parasite, Plasmodium berghci, in 
rats and mice. 


Obviously, many factors are concerned in host susceptibility and 
specificity, and in most instances they are still almost entirely unknown. 

Geographic distribution. The distribution of parasites over the 
surface of the earth is dependent (1) on the presence of suitable 
and *2) on habits and environmental conditions that make 
' ' 1 host to host. A human parasite that does 

not ut, “* / - d bust is likely to be found in every inhabited 

*M. provided that its particular requirements with 
res P 1 10 habits and • onmental conditions are met; and if it 

> live as a parasite in other animals it may occur even beyond 
the hums ( I human habitation. Parasites such as intestinal Protozoa 
a ” c ! ltch : " v which require only slight carelessness in habits for 
tlu n Irander and are large ly independent of external conditions, are 
practical!) cosmopolitan, but vary in abundance with the extent of 
t u carelessness on which their propagation depends. Helminths 
that have to live lor some time outside the body of the definitive host 
while the lnnae develop to the infective stage, either in the eggs (c.g.. 
Ascans and IrulmrLs), .ls free-living organisms (c.g., hookworms and 
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the numerous intestinal nematodes of domestic animals) or in inter¬ 
mediate hosts, are more limited since they, or their intermediate hosts, 
may be affected by such environmental conditions as temperature, 

humidity, nature of the soil, etc. . . 

The general climate of an area may be of much less importance 
than the microclimate existing in the immediate locality where the 
parasite lives-in burrows, under the soil surface, in mines, etc. Of 
course when intermediate hosts are involved suitable ones must be 
present, and climatic conditions must be satisfactory for developmen 
of the larvae in them. Under favorable climatic condjons habits 
which facilitate the transfer of parasites from water, food. soil, inter 
mediate hosts or. in the case of many parasites of man and domestic 
animals, reservoir hosts, are often the determining factors >n "i e occur¬ 
rence and frequency of parasitic infections. Guinea worms bnvc 
where Cyclops are swallowed with drinking water, hookwm.; vOicre 

vegetation is relished for food. Hyn.cnolcpis mom where food ex¬ 
posed to mouse droppinus e-'ev a |„ 1 95 5 ). 

wint-h«, — ir; 

rrr sz* - 

cited of such nidi, in the s . r(ldents and their ecto- 

tIcJc" ‘r,oo,,;,ses. i.e., diseases transmissible from 
parasites. extended to strictly human infec- 

=1 : r^Ih'America many virus, rickettsial, £»*£- 
helminthic infections show this 'nidanal cl,« er. The ecology 

7 ,,k - r io :: 

chanter the possibilities of extension of the range of parasites are 
increased With more frequent experimentation parasites may find 
new suitable intermediate hosts, and the required cnv'ronmcnta c^n- 
, v Yellow fever may have failed, during an 

ditions, m new places. ™ J because the long 

past centuries, to gain access to t . ' 1 llvl t es 

sea journey exceeds the incubation period of the disease •o d '.ke 
it possible to discover cases of yellow fever and prevent them, or 
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mosquitoes which might have fed on them, from entering. Today 
the danger is greater. 

Spread to new hosts. All animals tend gradually to extend their 
range by adapting themselves to slightly different conditions. Para¬ 
sites, however, are at a disadvantage as compared with free-living 
animals, for while a song sparrow can find an infinite number of 
intergrading conditions between the damp, cool forests of the north¬ 
west and the dry, hot deserts of the southwest, an Ascaris can find 
no intergrading conditions between the conditions in the intestine of 
a pig and those in the intestine of a human being. The change must 
be made in a single jump or not at all. 

The closeness of the bond between parasites and their hosts varies 
greatly; some parasites, e.g., Schizotnjpanum cruzi, are very indis¬ 
criminate; others, like Taenia saginata, are limited to a single species. 
Some genera and even species have maintained their allegiance to 
particular hosts or their descendants through vast periods of time. 
One species of tapeworm, for instance, is parasitic in ostriches in 
Africa and rheas in South America, but in no other birds. Parasites 
have been thought to give true clues to phylogenetic relationships 
(eg. Cameron. 1952; Rothschild and Clay, 1952), but there is con¬ 
siderable doubt that host-parasite associations can be so used in any 
general f'diion. (See Baer et al., 1957.) 

the parasites have a loss changeable environment than their 
1 ' tend tvolutif nary changes more slowly, so that 

while i host s differentiating into new species, genera, families, or 

lativcly little. In some 
are of less importance 
rt ulting from similarity of 
1 idapt ' >1 logenetically unrelated 

logically adapted to 
'v iransferred from one kind 


tc re. i* 
specie'. 

tocether 
vari< e? 


ra 


nd Trichuris in pigs and 
and itch mites and 
a isitologists are inclined 
* diffi rent hosts as distinct 

tlicrs tend to lump them all 
*' u lu rs preferable to regard them as hostal 
•hie!, can be referred to as Sarcoptes scabiei of 


horses, man ct foi instance in giving them definite species 

or subspecu s names about which troublesome questions of priority, 
identity, etc arc sure to arise. Much the same situation exists for 
geographical races or subspecies of free-living organisms. When a 
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parasite becomes adapted to a new host it is still uncertain whether 
this is due to selection of the fittest of randomly occurring genetic 
types, to mutations induced by a changed environment, or to somatic- 
adaptation. 

Resistance and Immunity 

Knowledge of the means by which animals resist infectious disease, 
and the mechanisms by which this resistance is increased against 
specific organisms or their products by prior exposure to them, either 
naturally or by artificial means, began with Pasteur in the last half of 
the nineteenth century. Since then, this young science of immunology 
has enjoyed rapid growth and today provides us with tools for pre¬ 
venting, ameliorating, or curing many diseases, as well as with means 
of diagnosing them by immunological tests. 

In the early days of its development this science dealt almost 
exclusively with bacteria or their products, or with nonliving antigens, 
and was largely concerned with the demonstration of various antigen- 
antibody reactions, such as toxin neutralization, agglutination, pre¬ 
cipitation, lysis, complement fixation, increased phagocytosis (opsonifi- 
cation), and allergic sensitization. Most of the observations were 
made in vitro, and little attention was paid to functional immunity, 
i.e., the actual protection afforded, except in the case of toxins and 
antitoxins, and later of viruses and "neutralizing” antibodies. 

It was well into the twentieth century before it became clear that 
the fundamental principles of immunity are the same for protozoans, 
helminths, and arthropods as for bacteria and toxins, though there are 
differences in degree or in details. Study of the development of 
resistance to metazoan parasites has been particularly fruitful in 
explaining functional as compared with in vitro demonstrations of 
immunity, as will be seen. 

Natural immunity. The natural immunity to particular parasites 
that is the birthright of species, races, or even individuals is usually 
due to the various factors affecting susceptibility and specificity which 
are considered in a preceding section. It is not infrequently broken 
down by physiological derangements or handicaps, e.g., removal of 
the spleen or thyroid, dietary deficiencies, injury by concurrent infec¬ 
tions, or other debilitating factors. Natural immunity may be due 
to the presence of “natural” antibodies which sometimes, at least, 
are really antibodies developed against microbial inhabitants of the 
skin, intestine, or respiratory tract, or their products, or possibly 
against constituents of food that have to have antigens that are 
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shared by the parasites. Such “natural antibodies” are present in 
human sera against many species of trypanosomes and trichomonads. 
They are not present in new-born infants or germ-free animals. 

Age resistance. Age resistance is often in reality acquired immunity, 
or it may be due to increased speed of development of acquired 
immunity. The ability to cope with infectious disease develops with 
age, just as does ability to digest beef steak or to solve mathematical 
problems. Babies cannot mobilize phagocytes or produce antibodies 
as efficiently as older individuals. However, there is a true age im¬ 
munity of some animals to some infections. Sandground in 1928 wrote 
that he thought that age resistance is usually associated with abnormal 
or imperfectly adapted hosts; any incompatibility between host and 
parasite appears to become intensified with age. It is significant that 
most cases of human infections with "foreign” worms, belonging in 
other animals, are recorded in children. Ackert in 1938 found a 
tangible basis for age resistance of chickens to Ascaridia in the increase 
with age of intestinal goblet cells, the mucus of which he showed to 
have an inhibitory effect on the worms. Dietary changes and conse¬ 
quent changes in the bacterial flora of the intestine and its pH may 
also be a factor in age resistance. 


Acquired immunity. Recovery from disease confers immunity to 
that particular disease, sometimes for life, sometimes for only a short 
period. Some diseases are held in check by the defenses of the host 
without being completely eliminated, so that they go into a relatively 
quiescent chronic state. In infections where the organisms multiply 
-he hcK.y. o.g., tuberculosis and syphilis and such protozoan diseases 
as Chagas disease, malaria, etc., as long as the parasites remain in 
the body the host is protected against reinfection; this condition is 
craned premonition. The host and the parasite exist together in a 

’ balanced state. When the resistance begins 
. \iv Par .sites multiply sufficiently to renew it, sometimes 
c.n s-n.r temporary re!ipse in the process; however, the rise in 
-. nceagain ceasi before the infection is entirely eliminated. In 
l,nth , ?( CCh ? ,is i :ch “ schistosomiasis, hookworm, etc., there is 
' bl " herc - when «* pendulum swings in 

\ P : ir ™ les th °y cannot, of course, multiply, but there is 

XcXLc^T' 10 " ° f tlK ™ when ,herc is opportunity, and those 
a k iy presen renew metabolic activity and reproduction. Immunity 

,*1 l’L' ,CU ar ;ir,hro P°ds. which most individuals can develop 

ts absence ’ ° ** “ P V continual exposure, but falls off in 


The basis for all specific 


acquired immunity is presumed to be 
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due to the development of new kinds of globulin molecules (one of 
the blood proteins) which are chemically modified by the presence 
of an antigen in such a way that they have an affinity for the particular 
antigen and combine with it. According to the nature of the antigen 
and environmental circumstances, this results in detoxification of 
toxins, neutralization of viruses, agglutination, precipitation, lysis, 
complement fixation, increased phagocytosis (opsonification), and 
allergic sensitization. In the early days of the development of im¬ 
munology as a science, most work was done with bacteria or their 
toxins or with nonliving antigens such as egg albumin. It was well 
into the twentieth century before it became clear that the fundamental 
principles of immunity arc the same for protozoans, helminths, and 
arthropods as for bacteria or toxins. 

It may now be assumed that acquired immunity develops against 
(1) all parcnterally located parasites, (2) all parasites with a parenteral 
phase, even if it is only temporary invasion of the mucosa (e.g., 
esophagostomes and cysticercoids of llymetwlcpis nano), and (3) 
parasites that break the mucosa sufficiently to inject antigens from 
the mouth while feeding, as trematodes and most nematodes do. 
The tapeworms and acanthoccphalans are exceptional in that some 
of them at least fail to get any antigen inoculated into their hosts 
and thus fail to stimulate any specific immunity. Hefractoriness of 
hosts carrying these parasites to reinfection was shown by Chandler 
(1939) and Burlingame and Chandler (1911) to be due entirely 
to a crowding effect. A unique situation exists in the case of the 
tapeworm, Uyinenolepis nano, which may infect its host either as 
eggs, in which case there is a parenteral cysticercoid phase in the 
villi, or as cysticercoids developed in beetles, in which case there is 
no parenteral phase and, as might be expected, no specific immunity. 
It is now clear that antibody reaction to parasites may (1) directly 
or indirectly destroy them by combining with their body substance; 
(2) interfere with their nutrition, and consequently with their growth 
and reproduction, by combining with secreted products, probably by 
inhibition of necessary enzymes; or (3) protect the host by neutraliz¬ 
ing toxic products. A fourth type occurs in virus infections—an 
antibody that combines with an integral portion of a virus, the portion 
which enables the virus to attach to host cells and enter them. 

Antibody action of the first type, combination with body substances 
of the parasites, including their capsular substances, results in their 
immobilization, agglutination, enhanced susceptibility to phagocytosis, 
and lysis. Amebas and trypanosomes, as well as bacteria, exhibit 
such phenomena. To be affected by these antibodies, parasites musl 
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be directly exposed to them. Intracellularly located parasites, such 
as Schizotnjpanum cruzi, Leishmania, and Toxoplasma, escape, but 
are vulnerable when made homeless by the disintegration of a host 
cell until they can invade another. Also, some extracellularly located 
parasites, such as relapsing fever spirochetes in the brain or leptospiras 
in kidney tubules, may be more or less protected from antibodies. 

Antibodies of the second type, that interfere with nutrition and 
consequently with growth and reproduction, have been largely neg¬ 
lected in bacterial immunology, although they have been demonstrated 
in anthrax infections. Inhibition of reproduction of Trypanosoma 
lac is i in rats was demonstrated by Taliaferro and Taliaferro in 1922 


and was later shown to be due to an antibody which was named 
“ablastin," but it was not until 1957 that Thillet and Chandler 
demonstrated that this was due to host reaction to metabolic products 
ot the trypanosomes and could be induced by immunization with these 
products entirely free of trypanosomes. In 1958, Taliaferro and his 
colleagues found that ablastin inhibited synthesis of protein and 
nucleic acid. I his could be either a cause or more likely, in the 
senior authors opinion, a result of inhibition of reproduction which 
is attributable to interference with processes of nutrition and 
secondarily with respiration. Chandler (1932-1937) and others found 
tb it a similar phenomenon occurred in infections in rats with the 
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rT ,m ‘abolic products, now recognized 
w ai, ' n «n helminth infections, was 
'■notation ol precipitates in the intestine and at 
11 mi ' ,azt ’ a " Parasites placed in immune serum. 


■< demonstrated by Cordon, Haddock, and Fine in 1930 
V «« Co'dylobw. later for Nippostrongylus larvae by 
Sa.k , m 1938. and still later for numerous other helminths (adult and 
arval n.mal . , s c-ercanae miracidia. and eggs of schistosomes, and 
tapeuorm , ^yos). Thorson in 1953 was the first actually to 
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demonstrate increased resistance to helminth infections by immuniza¬ 
tion with metabolic products of Nippostrongylus; tins was quick ) 
followed by similar demonstrations by him for hookworms, by Camp- 
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A similar local concentration and consequent local manifestation of 
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immunity was demonstrated by BlackiocK an Fvcn when 

more or less local immunity since they may have special affin'ty for 
against parasite penetration enzymes (see p. 20). but the cudencc 
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cells, and then we have immunity. Inflammatory tissue reactions due 
to allergy not only irritate the host, however, but may also interfere 
with the welfare of the parasites by impeding their migrations, or by 
preventing ingestion of food (e.g., by ticks, red bugs, and lice). On 
p. 28 we mentioned three phenomena associated with development 
of ablastic immunity to helminths. There are two others: (1) 
resistance to reinfection and (2) expulsion of worms already harbored 
upon continued reinfection, first demonstrated by Stoll in 1929 in 
sheep infected with Haemonchus (see p. 444) and termed “self cure.” 
Both these phenomena are probably in large part allergic in character; 
the resistance to reinfection is due partly to quickened cellular reaction 
and encapsulation of migrating parasites, and the “self cure” apparently 
to irritation of sensitized tissues by the metabolic products associated 
with the exsheathment of fresh incoming worms (Stewart, 1955). 
Cortisone has an inhibitory effect on antibody production and de¬ 
creases inflammatory tissue reactions of allergic nature. In infections 
such as trichinosis and filariasis, where allergic symptoms are of 
outstanding significance, cortisone may be of great benefit to the host 
(see pp. 411 and 483), whereas in infections such as Trypanosoma 
lewisi or Haemonchus, where antibody production is primarily inimical 
to the parasites, it may be harmful. 

Diet seems to play an important role in the ability of an animal to 
develop resistance against parasitism. This was first strikingly demon¬ 
strated by Foster and Cort (1932. 1935) working with hookworms in 
dogs, and by Whitlock and others working with intestinal nematodes 
of domestic animals. The level of hookworm disease in a community 
appears to be more a measure of nutritional adequacy than of exposure 
to infection. Antibody production, nevertheless, seems to have a high 
priority for available protein in the body, so there may be more 
devious ways in which diet affects resistance. Read (1958) called 
ai tendon to one; malnutrition may increase cortisone production which 
depresses resistance responses. 

.'or most adult tapeworms, which do not stimulate antibody produc- 
' on ’ tae <Uel » as ' on K as contains adequate carbohydrate of usable 
type, does not offset the worms but does help the host, permitting 
Inm to feed the worms as well as himself without injurious loss of 
proteins and vitamins. 

Immunological diagnostic tests. There are numerous effects of 
antibody reaction against parasites or their products that are demon¬ 
strable ,nulro or by skin tests. In schistosome infections, for instance, 
Kagan (IStoS) summarized llic serological reactions as follows: Com¬ 
plement fixation with antigens extracted from cercariae or adult 
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worms; precipitation of extracts of various life cycle stages; circumoval 
precipitates formed around living eggs by antibodies reacting with 
metabolic products of the enclosed miracidia; “cercarien hiillen reac¬ 
tion” (CIIR)—formation of a transparent membrane around living 
cercariae; flocculation of inert particles on which antigens were 
adsorbed; agglutination of cercariae; agglutination of blood cells 
sensitized with tannic acid and coated with antigens extracted from 
eggs, cercariae, or adults; and immobilization of miracidia. In addi¬ 
tion, skin reactions to injection of cercarial antigen are positive during 
active infection and for years after cure; whereas reaction of egg 
antigens are negative during active infection but become positive 
6 months after cure. Another skin test is the Prausnitz-Kiistner (PK) 
reaction; when immune serum is injected into the skin of an uninfected 
person, and followed by an injection of an antigen at the same site 
24 hours later, a wheal and erythema develop. All these tests appear 
to be specific for schistosomes, but only the circumoval precipitin test 
is species-specific. In filarial infections there is little specificity as far 
as different kinds of filariae are concerned; hence in human filarial 
infections easily obtained antigens from Dirofilaria are used for tests. 
Possibly occasional false positive tests are due to accidental immuniza¬ 
tion with larvae of nonhuman filariae inoculated by mosquitoes. W here 
direct demonstration of parasites or their eggs or larvae is difficult or 
unreliable, serological or skin tests may Ik- valuable in diagnosis, e.g., 
in chronic protozoan infections (extra-intestinal amebiasis, kala-azar. 
Chagas* disease, and toxoplasmosis) or such helminthic infections as 
schistosomiasis, hydatid disease, cysticercosis, and filarias.s. Such 
a test is badly needed for visceral larva migrans and research is under 
way to find one. Serological tests will be mentioned later in appro¬ 
priate chapters. Sometimes special serological tests have been de¬ 
veloped, e.g., the M milky gel” tests for kala-azar and the dye test for 
toxoplasmosis. Precipitin tests can also be used to identify the source 
of meals in blood-sucking arthropods. 


The Names of Parasite# 

In all branches of natural history it lias been found not only expedi¬ 
ent but also necessary to employ scientific names, for there are esti¬ 
mated to be more than 10 million species of animals. Common names, 
like nicknames, vary from place to place, and often the same name is 
applied to quite different organisms in different places. Linnaeus, 
in the eighteenth century, devised a system of "binomial names” which 
consisted of the genus name, beginning with a capital letter, followed 
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by a species name, in zoology beginning with a small letter, and both 
Latinized in form, since Latin came nearer to being a universal 
language than any other. Strictly, the genus and species names are 
followed by the name of the man who first gave the species name, in 
parentheses if the genus name is not the one he originally used, but in 
ordinary references to species this is omitted. The genus name may 
be likened to a surname and the species name to a given name, e.g., 
tecaris lumbricoides is comparable to Smith, John. 

Family names in zoology always have the ending “idae” attached 
to the root of the type genus, e.g., Museidae from Musca , Ascarididae 
from Ascaris (root ascarid); superfamily names end in “oidea," but 
there is no standard ending for orders or classes. In botany the family 
ending is "aceae," e.g., Spirochaetaceae. 

In order to avoid confusion there were adopted (in 1904) rules of 
nomenclature, known as the International Code of Zoological Nomen¬ 
clature. which makes it impossible for any two animals to have the 
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are the most likely to have been redescribed by various workers and 
to have been shifted about from genus to genus. Unfortunate as this 
situation is, it is better than having no rules at all, and steps are now 
being taken to make names which have been in common usage for 
many years inviolable. The synonymy, or list of aliases, of some of 
our common parasites is already deplorably long. In some instances 
there is a difference of opinion as to what the correct name should be. 

Although the scientific names are sometimes barbarously long and 
at first may be very annoying and even terrifying, every student of 
parasitology, as of every other branch of biology, must overcome any 
childish aversion he may have for them, and become used to accepting 
and using them. They are not obstacles to be avoided, but valuable 
tools without which there would be hopeless confusion. 
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PROTOZOA 




Chapter D 

INTRODUCTION TO PROTOZOA 


Place of Protozoa in the animal kingdom. It is usual for zoolo¬ 
gists to divide the entire animal kingdom into two great subkingdoms, 
the Protozoa and the Metazoa. These groups are very unequal in 
number of species. The Metazoa include all the animals with which 
the majority of people are familiar, from the simple sponges and jelly¬ 
fishes, through the worms, mollusks, and the vast hordes of insects and 
their allies, to the highly organized vertebrate animals, including man 
himself. The Protozoa, on the other hand, are with few exceptions 
microscopic or almost microscopic animals, whose very existence is 
unknown to the average lay person. There is no question but that m 
point of numbers of individuals the Protozoa exceed the other animals, 
millions to one; a pint jar of stagnant water may contain many millions 
of these minute animals. Over 15,000 species of Protozoa have been 
described, but it is probable that there are thousands more which are 


not yet known to science. 

Although Protozoa are usually considered to be fundamentally differ- 
ent from Metazoa by being unicellular instead of multicellular, the 
distinction is not as sharp as it would at first appear; some Protozoa 
form multinucleated plasmodial masses suggestive of syncytial tissues 
in Metazoa, and some colonial forms not only have somatic and repro¬ 
ductive cells differentiated from each other, but the colonies can also 
move and respond as units, and exhibit some degree of differentiation 
of anterior and posterior ends. The difference between such Protozoa 
and the simpler Metazoa is merely one of degree. Besides, although 
some complex Protozoa are not divided into cells, they have a greater 
variety of structurally different parts than some of the Metazoa ( htg. 1). 
For this reason some biologists prefer to think of the Protozoa as non- 
cellular organisms rather than as single-celled ones, since the latter 
designation suggests that they are to be compared with individual 
cells of a metazoan body. 

The distinctions between Protozoa and other primitive organisms 
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that exist as single cells or simple colonies is even more difficult, for 
there are transitional forms which link them to bacteria, fungi, and 
algae. In general they differ from bacteria in having distinct mem¬ 
brane-bound nuclei and in exhibiting sexual phenomena and often 
complicated life cycles, but there are a few Protozoa which have the 
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the botanists, who put them in with the fungi and call them 
Myxomycetes. 

Even more confusing is the case of the green flagellates, which 
protozoologists put in a subclass of the Mastigophora while botanists 
include them among the green algae. As Hall (1953) remarked, this 
suggests that protozoologists are unable to distinguish between animals 
and plants, which is disconcerting to those who like their taxonomy 
simple and consistent. To remedy this situation Calkins (1933) 
ejected the entire group of chlorophyll-bearing flagellates (Phytomas- 
tigophorea) from their relatives among the Protozoa. Some of the 
nonchlorophyll-bearing forms, obviously close cousins which had 
secondarily lost their chlorophyll, were arbitrarily transferred to 
Zoomastigophorea and thus retained in the Protozoa, but this kin¬ 
splitting did not make anybody very happy. It became even more 
difficult when it was shown that green flagellates could be "cured” 
of their chlorophyll by treatment with streptomycin. 

The principal difference between plants and animals, when we get 
down to these primitive forms, is in their manner of nutrition. Plants 
synthesize their organic compounds from simple inorganic substances 
like C() 2 , HjO, and nitrates, with the aid of chlorophyll, whereas 
animals utilize ready-made organic compounds or break down more 
complex ones and reassemble the parts to suit their needs. But 
according to this criterion a green flagellate (or alga!) like Eufilcna 
can be, and is, a plant by day and an animal by night. It is clear that 
between the higher plants and higher animals there is a broad no-man's 
land of single-celled organisms which might he segregated into a buffer 
State, for which the name Protista was suggested by Ernst Haeckel 
many years ago. The boundary between Protista and Metazoa is 
fairly sharply defined, but that between the Protista and the lowest 
forms of Metaphyta (algae and fungi) is much more arbitrary. 

Structure. A protozoan, in its simplest form, conforms to the usual 
definition of a cell: a bit of cytoplasm containing one or more nuclei. 
In most Protozoa, even though in some cases there may be a number 
of nuclei present, these are all of one kind, but in the ciliates, except 
the primitive opalinids that inhabit the rectum of Amphibia, there 
are two quite distinct types of nuclei, a macronucleus filled with 
densely staining granules, and a micronucleus which is vesicular in 
structure, more like the nuclei of other Protozoa (Fig. 1); sometimes 
there may be a number of one or both kinds. In many Protozoa, 
e.g., the intestinal amebas, there is an endosome near the center, and 
in some of these there are deep-staining granules encrusted on the 
inner surface of the nuclear membrane (Figs. 3. 4). The endosome 
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may or may not contain chromatin; the chromosomes may form out 
of a zone of minute granules between the endosome and the nuclear 
membrane. 

In most, but not all, cases division of the nucleus is accomplished by 
some form of mitosis or a process at least hinting at it; there is, how¬ 
ever, no uniformity in the process as there is in Metazoa. Nature 
seems to have been experimenting with nuclear division in the Pro¬ 
tozoa. Typical chromosomes are formed in some Protozoa, e.g., many 
amebas. but often there is no clear evidence of them. In Entamoeba 
mitosis takes place entirely within the nuclear membrane; a charac¬ 
teristic feature is the division of a centriole in the endosome into two, 
which migrate to opposite ends of the intranuclear spindle, but remain 
connected by a deep-staining strand called an intradesmose until divi¬ 
sion of the six or eight chromosomes is completed. In the ciliates 
the macro- and micronuclei arc formed after sexual reproduction from 
a single micronucleus. 

The body of some of the simpler flagellates and amebas has no true 
cortex or pellicle, although the outer layer of the cytoplasm may be 
denser and less granular, forming an ectoplasm , in contrast to the 
endoplasm. Most other Protozoa have some sort of pellicle or cortex, 
giving them more or less definite shape. In ciliates the cortex is thick 
and contains a variety of structures ( Fig. 1). Many Protozoa, particu¬ 
larly Sarcodina, produce shells of cellulose, chitin, cemented sand 
grains, silica, lime, or other substances, and some flagellates and ciliates 
have transparent chitinous loricas or tests, sometimes with collars 
(Fig. IE). 
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Flagella (Fig. 2C) are characteristic of the class Mastigophora, but 
they also occur in some stages in the life cycle of certain amebas and 
in the spermlike microgametes of Sporozoa. They are long, whiplike 
outgrowths, capable of violent lashing or of rippling movements, anti 
are composed of a fine filament, the axoncme, surrounded by a thin 
film of cytoplasm. The majority of species has only one or two flagella. 
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although many parasitic forms may have up to eight, but ... some of 
the parasites (or symbionts) of termites and wood-roaches there may 
be hundreds. The flagella may be directed forward or trail beh.nd, 
or may be attached to the side of the body by a delicate undulalmg 
membrane (Fig. 2D); if more than one is present they all may be 
alike, and perform similar functions, or they may be widely different. 

A flagellum always arises from a minute deep-staining body called 
a basal granule or blepharoplast (Fig. 15). In many parasitic flagel¬ 
lates there is another deep-staining body called the parabasal. In 
the trypanosomes and their allies a similar body is called a kmcloplast 
(Fig. 17); it differs in being Feulgcn-positive. therefore containing 
desoxyribonucleic acid, an essential ingredient of chromatin. In some 
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Protozoa the blepharoplast is connected with the nucleus by a fiber 
called a rhizoplast. The kinetoplast may also be connected with the 
blepharoplast by a fibril or even by a cone of fibrils (Fig. 24). Some 
flagellates have other specialized organelles connected with the ble¬ 
pharoplast, e.g., the costa, extending along the base of the undulating 
membrane in trichomonads, and one or more axostjlcs, varying from 
delicate filaments to a stout rod. also found in trichomonads as well as 
in some other flagellates, and acting as supporting rods (Fig. 10). 



Fkj. 3. Entamoeba histolytica: A and li. trophozoite and cyst of invasive, 
f.irgc-racc form; C ..nd />. cyst and trophozoite of lumen-dwelling, small-race 
form (E. hartmanni of European authors), x 2500. 
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of the animal. In some flagellates and ciliates fibrils and minute deep- 
staining bodies have been described and have been interpreted as a 
more or less highly organized neuromotor apparatus, i.e.. a definite > 
arranged and organized substance having a nervous control over the 

myonemes ?.nd cilia or flagella. ... . c 

Organelles for food-taking occur chiefly in the flagellates and ciliates. 
Such 8 protozoa may have a cytostamc or cell mouth for the ingestion 
of food (Fig. 1) and a cytopyge or cell anus for the el.m.nahon of 
waste matter. They also have a delicate „-mbranous r-, op/«^ 
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nourished in a typical plant manner, and still others absorb nutriment 
by osmosis from the fluids or tissues in which they live. Ingested food 
particles are surrounded by fluid, forming food vacuoles (Fig. 1), 
which circulate in the endoplasm. In ciliates they follow a regular 
course. Digestive fluids appear to be secreted into the vacuoles, and 
the vacuoles develop an acid reaction during digestion, later becom¬ 
ing neutral again. Undoubtedly the substances that can be digested 
vary widely with different Protozoa. Some species, e.g.. Entamoeba 
histolytica, excrete substances which dissolve blood corpuscles and 
tissue cells outside the body, the soluble product being then absorbed 
through the body wall. Indigestible residue from solid food is extruded 
through the body wall; in forms having a pellicle this takes place 
through a cytopyge. Reserve food material is stored as glycogen, fats, 
oils, and other substances. Many parasitic forms store food in the 
form of volutin or metachromatic granules, which stain like chromatin. 
As cysts form, some amebas form chromatoid bodies (Figs. 4 and 5) 
which may contain reserve protein material. 

Most free-living Protozoa are aerobic, using free oxygen in their 
respiration, but some, like certain bacteria, arc anaerobic. Among 
parasites the respiration is sometimes aerobic and sometimes anaerobic, 
or it may be aerobic or anaerobic, according to the availability of 
oxygen. 

Ific malm in parasites, leishmanias. and some trypanosomes have 
an aerobic respiration, with or without the participation of iron- 
ns as in higher organisms, whereas such parasites as 
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Protozoa which are in the phase of asexual multiplication are called 
trophozoites , in contrast to gametocytes which give rise to sex cells, 
and to cysts , which do not grow or multiply, although, early in their 
formation, the nuclei may multiply. The trophozoites of the Sporozoa, 
which multiply by schizogony, are called schizonts, and the daughters 
resulting from multiple division are called merozoites. After the sex¬ 
ual process a different form of multiple fission occurs called sporog- 
ony, ending in the formation of sporozoites. Cells intermediate 
between the parent cells and the merozoites or sporozoites may be 
formed, and these are called agametoblasts and sporoblasts, respec¬ 
tively. 

Multiplication by one of the asexual methods may go on with great 
vigor for a long time, but sooner or later some modification of the 


process occurs. In many Protozoa a process comparable to sexual 
reproduction in higher animals occurs. In the ciliates this takes place 
by conjugation, i.e., a temporary union of two individuals during which 
time a daughter nucleus of one enters the other and fuses with a 
daughter nucleus, and vice versa; at the end of the process the two 
individuals separate, each being now a fertilized cell. In many other 
Protozoa two individuals, the gametes . unite permanently and their 
nuclei fuse, a process which is known as syngamy. Sometimes the 
gametes are indistinguishable from ordinary asexually multiplying 
individuals, whereas in other instances the gametes are cells produced 
by a special process of multiplication; the parent cell is then called 
a gametocyte. When then- is no visible difference between the 
S ametes ’ process of fusion is called isogamy, whereas when the 
gametes differ in - >rm motility, etc., the process is called aniso- 
Ihcrc are, however, all gradations between isogamy and 
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inv. r Ji,' CX ‘: hang ' - ° f nudear material between different 
individuals, resulting mixing of hereditary characters and also in 
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rejuvenation of the cells, it is likely that some process occurs which 
brings about the rejuvenation. Protozoan cells tend to grow old after 
continued asexual multiplication and lose their youthful vitality and 
reproductive power, just as do the cells of a metazoan animal. The 
recent demonstration by Honigberg and Read of an induced trans¬ 
formation in a trichomonad protozoan suggests that recombination of 
genetic characters may occur without the usual forms of sexual repro¬ 
duction. Such transformations should also Ik* sought in the trypano¬ 


somes. 

Encystment. A great many Protozoa, at some time in their life 
cycle, arc able to form more or less impervious protective capsules 
around their bodies, enabling them to survive unfavorable environ¬ 
mental conditions such as desiccation, unfavorable temperatures, injuri¬ 
ous chemicals, or lack of oxygen. This process is called encystment. 
It is by this means that many parasitic Protozoa are able to survive 
conditions outside the body and to pass through the inhospitable envi¬ 
ronment of the stomach to reach the intestine or other organs ol new 
hosts. Most parasitic Protozoa that are not transmitted by inter¬ 
mediate hosts resort to cyst formation to gain access to new hosts, 
though a few, e.g., Trichomonas and Dientamoeba. manage without 
this. 

In many Protozoa of water and soil, encystment occurs as a reaction 
to desiccation, but in the parasitic amebas and flagellates it is a normal 
phase and the life cycle, cysts being formed even when conditions 
are entirely satisfactory for continued multiplication of trophozoites. 
Encystment and exeystment may both occur in the same culture 
medium, but each is favored by certain chemical and physical charac- 
teristics of the environment. 

In the Sporozoa cyst formation is associated with sexual reproduc¬ 
tion, the zygotes (fertilized gametes) being enclosed m oocysts m 
which the sporogonic multiplication occurs, ending in the formation 
of a few to thousands of sporozoites. The sporozoites may be free 
in the oocysts, as in the Ilaemosporidia, to which the malaria parasites 
belong; they may be enclosed, singly or in groups, in capsules of their 
own called spores, as in the gregarines; or they may be enclosed m 
sporocysts inside the oocysts, as in the Coccidia. Trophozoites of 
amebas, flagellates, or ciliates prepare to encyst by ceasing ingestion 
of food and extruding food residue, but they frequently store up 
considerable amounts of reserve food in the form of glycogen, 
volutin granules, or chromatoid masses. This is the precystic stage. 
Then the cyst wall forms, and in many species a multiplication of the 
nucleus ensues. Mature cysts of Entamoeba coli, for instance, have 
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eight nuclei and those of E. histolytica have four, but in Iodamoeba 
cysts there is only one. 

When an encysted organism arrives in a favorable environment it 
excysts and begins to multiply in the trophozoite stage. In some 
amebas there is a complicated series of nuclear divisions in the multi- 
nucleate individual that escapes from the cyst, before any unicellular 
amebas are set free. 

Classification. It is little wonder that the varied assemblage of 
single-celled animals constituting the group Protozoa should be diffi¬ 
cult to classify. Many undergo profound modifications in the course 
of their life cycles, and the entire life cycle must be considered in any 
scheme of classification. 


For a long time it was customary to divide Protozoa into four classes: 
the Rhizopoda or amebalikc forms, the Mastigophora or flagellates, 
the Ciliata or ciliates. and the Sporozoa or spore-forming parasitic 
forms. Doflcin, however, modified this by first splitting the entire 
phylum Protozoa into subphvla, the Plasmodroma and the Ciliophora, 
an arrangement that has been quite generally followed by protozoolo¬ 
gies. For our purposes we shall adopt the classification used by 
Jahn and Jahn (1919) and by Hall (1953), using the uniform endings 
for zoological names which Pearse (1936) suggested: for phyla and 
vabphyla, ( i , class, ca; subclass, id; order, ida; suborder, ina; and as 
used for family idae (aceae in botany). These have not 
nl > , 1 gists, but the idea is a good one. 

liion present*<: below is a tentative one. Radical revisions 
location of Protozoa are now being worked out, but general 
‘ ' : i M,,,i has not xct been attained. Further 

N ’ ra and Sporozoa is given 

• 71 • S6-37 *' r 'd 161-164, respectively. 
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pellicle O , , , ****** r ne s,:,ge - Bo<l > «•*"« very delicate 
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Class I. Actinopodea. Floating or sessile free-living organisms with 
axopodia (see p. 40). Peripheral cytoplasm foamy in character. 
Includes Radiolaria and Heliozoa. 

Class II. Rhizopodea. Pseudopodia of lobose. filar, or anastomosing 
network types, but never axopodia or foamy peripheral cytoplasm. 
Arranged in five orders, including slime molds, amebas, and Fora- 
minifera. 

Subphylum III. Sporozoa. Parasitic forms with complicated sexual and 
asexual phases of the life cycle, and without locomotor organs in the 
adult stage. 

Class I. Tclosporidea. Zygote undergoes multiple fission (sporogony). 
producing sporozoites which after entering a host become tropho¬ 
zoites (schizonts). which multiply bv schizogony and eventually 
produce gametocytes. except in the Eugregarinida. in which the 
trophozoite eventually becomes a gametocyte. Arranged in three 
subclasses and six orders. Includes gregarines. Coccidia. Haemo- 
sporidia, etc. 

Class II. Cnidosporidea. Zygotes give rise to one or more trophozoites, 
without sporogony. Trophozoites produce characteristic spores com¬ 
posed of several cells, including one or more polar capsules containing 
coiled filaments that can Ik- shot out. and one or more s,>oro,>lasms. 
analogous to sporozoites of the Tclosporidea. Arranged in lour 
orders, containing many important parasites of fish (Myxosporida) 
and of invertebrates (Microsporida). 

Class III. Acnidosporidon. Life cycle somewhat like Cnidosporidea, 
but spores without polar capsules. Includes Ilaplosporidea, parasites 
of fishes and invertebrates. 

Subphylum IV. Ciliophoro. Possess cilia in some stage of the life cycle. 
Class I. Ciliatca. Cilia or structures made from them (cirri, mem- 
branelles) present throughout life cycle. Arranged in two subclasses: 
Protociliatia. with nuclei all alike and sexual reproduction by syn- 
gamy; and Euciliatia. with nuclei of two types, macronucleus and 
micronuclcus, and sexual reproduction by conjugation. 

Class II. Suclorea. Adults without cilia, but with suctorial tentacles. 
Larval forms produced by budding, have cilia for short period. 
Sexual reproduction by conjugation in most forms. 

The subphylum Sarcodina includes mainly free-living forms in¬ 
habiting ocean, fresh water, and soils. Some marine forms, e.g., the 
Foraminifera, are instrumental in building up chalk deposits out of 
their shells, and arc useful in distinguishing geological strata. Others, 
the Radiolaria, form vast deposits of “radiolarian ooze. Only a 
few are parasitic, and these are all typical amebas which produce 
pseudopodia from any part of the naked body. 

The subphylum Mastigophora includes a vast assemblage of organ¬ 
isms called flagellates, many of which bridge the gap between plants 
and animals. Here again the majority of the included forms are free- 
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living; many of them possess chlorophyll and live like typical plants. 
Others have cytostomes through which they ingest solid food as do 
animals, and still others absorb dissolved substances by osmosis 
through their cell walls. Some, like Etiglena, physiologically may be 
plants in the daytime and animals by night. All the parasitic species 
are of animal nature, feeding either by ingestion or by osmosis. 
Formerly the spirochetes were associated with the flagellates because 
of a supposed relationship with the trypanosomes, but this idea has 
long since been exploded, and spirochetes are now placed in a group 
by themselves, associated with bacteria rather than Protozoa, though 
m some respects they show affinity to the latter. 

1 he subphylum Sporozoa includes a varied assemblage of parasitic 
forms, the relationships of which are discussed at the beginning of 
Chapter 9. They include numerous important agents of disease not 
only for all sorts of vertebrates, but also for invertebrates. Man is 
seriously afflicted only by the malaria parasites, but domestic animals 
are attacked by a number of different types. 

I he suhphyluni Ciliophora includes the most highly organized Pro¬ 
tozoa. In one subclass. Protociliatia. are placed the ciliates which 
have from two to several hundred nuclei all of one kind, and which 
reproduce by fusion of gametes, thus being intermediate between 
the other Protozoa and the higher ciliates with functionally distinct 
nuclei and sexual reproduction bj conjugation. Some zoologists con¬ 
sider the rotociliata to belong to the Mastigophora. Nearly all the 

i o' 7 ' , " i,n,s " f ,lu ' ,ar R e intestine of frogs and toads, 

in h is '• le subclass Euciliatia have the most complicated organi- 
.. nm of any I roto/oa. The majority are free-living forms found in 

~ f °."' Wa,CT > infusions, etc.: whence the name 

n.llama sometimes applied to them. Many inhabit the rumen or 
lie Vine, of herbivorous animals, but. since they prey on bacteria and 

cn.m V"! ,r°* .i"' h ° st i,s ‘’ If - "“•>■ "’av be regarded as 

...... V V;' , ' i "' parasites. Some are even symbionts, since 

the l,.M A <>S, . ‘ n °"“‘ r "' ayS “"^bnte to the nutrition of 
e „ 111 ‘ 1x1 P 0,l- " , ially true pathogenic parasites, 

pigs. ' K " hich I’afasitizes man. monkeys, and 
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. .. "° a few are parasitic on ciliates and one 
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Parasitism and host specificity. It is very likely that parasitism 
among the Protozoa arose in the beginning by the ingestion by animals 
of free-living forms. Some of these may be conceived of as having 
found conditions of life satisfactory in the digestive tracts of animals 
which devoured them; in the course of time such forms would become 
more and more perfectly adapted to the new environment, and 
eventually lose their power to live and reproduce in the outside world. 
Such parasitism would be expected to occur first in cold-blooded 
aquatic animals and subsequently to extend to warm-blooded land 
animals. It is significant that most of the common genera of intestinal 
Protozoa of man. e.g.. Entamoeba . Chilomastix , Trichomonas, and 
Giardia , have representatives in the Amphibia, in some cases so closely 
similar to the human species as to have cast doubts on their specific 
distinctness. 

Many of the blood Protozoa have undoubtedly arisen by a process 
only slightly more complicated. They first adapted themselves to the 
digestive tracts of invertebrates; in bloodsuckers they would then 
become adapted to living in the presence of the blood on which the 
invertebrates fed; having survived this probationary treatment, such 
parasites might then be capable, if inoculated into the blood stream 
or tissues of the vertebrates on which their invertebrate hosts habitually 
fed, of adapting themselves to life in this new environment, which 
bad thus been approached in an indirect manner. There is little room 
for doubt that the leishmanias and trypanosomes of vertebrates arose 
in this manner. 

The specificity of protozoan parasites for particular hosts is a much 
disputed question. The striking similarity between such parasites as 
the various amebas, Trichomonas, and Chilomastix in different species 
of mammals, together with the fact that nearly all the species from 
man are transferable to rats and other animals, throws grave doubt on 
the idea of fairly strict specificity which has been advanced by some 
protozoologists. Some intestinal parasites seem to have progressed in 
evolution to the point where they can inhabit only one or a few closely 
related hosts, but many have not evolved beyond the stage of hostal 
varieties, i.e., mere races of a single species, for the time being 
especially adapted to a particular host species by virtue of having 
lived in that host for a long time, but capable of transfer to a different 
host under favorable circumstances. Blood and tissue parasites, in 
general, show more specificity than intestinal parasites, but even 
among these there is much variation. The human malaria parasites 
are strictly confined to primates, but the malaria parasites of birds 
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show much less specificity. Schizotrypanum cruzi is an example of a 
blood and tissue parasite that can infect such widely different mam¬ 
mals as opossums, armadillos, bats, rodents, dogs, and man. The 
question of host specificity is important from an epidemiological 
standpoint, since it involves the question of the extent to which other 
animals may act as reservoirs for human parasites. 

Protozoan vs. bacterial disease. The general course of the dis¬ 
eases caused by Protozoa is different in some respects from that of 
the majority of bacterial diseases. Most bacteria attract leucocytes 
and are attacked by them; when they invade the body there is an 
immediate sharp attack by the leucocytes, followed by mobilization 
of the larger phagocytic cells of the body. The battle usually continues 
unabated until either the host succumbs or the bacteria are completely 
destroyed, with not a survivor left. The waxy-coated acid-fast bac¬ 
teria of tuberculosis and leprosy constitute an exception. After a 
Preliminary struggle, a sort of truce is struck and the disease settles 
down to a comparatively mild, chronic state in which there is a 
balance of power between invader and host, each one, however, ready 
to take advantage of the slightest circumstance which tips the balance 
in its favor. I his is essentially the course taken by most protozoan 
infections also. Often, after an initial flare-up, there may be no 
symptoms whatever for a time, but the parasites are still present, 
suppressed but not destroyed, and ready to stage an insurrection the 
moment the resistance of the host is weakened by other invasions, or 
by exhaustion, malnutrition, etc. 

.A ''nod example of the difference between a protozoan and a typical 
1 injection can be seen in the nature and course of amebic as 
wi*! bacillary dysentery, the former with no pus and of long 
L.ttcr with abundant pus and of short duration. The 
protozoan infections in a chronic state seems to be due to 
1,1 by leucocytes, and the tendency of the other 

' ” '■ 1 ' body to relax their activity before their job is 
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blood stages of malaria, and 8-aininoquinolines for exoerythrocytic 
stages of malaria, is effective in most protozoan infections, whereas 
against bacteria no good chemotherapeutic drugs were known tor a 
long time. Now, however, the sulfonamides and antibiotics have wide 
ranges of effectiveness against many types of bacteria. The effective¬ 
ness of antibiotics thus far known is far greater against bacteria than 
against Protozoa. It is interesting to note that even in the.r reaction 
to drugs, spirochetes are more or less in an intermediate pos.tion 
Like Protozoa, they were long known to be specifically affected by 
particular group of drugs (arsphenamines), yet, like bacteria, the. 
are highly susceptible to antibiotics. 


REFERENCES 

Calkins, C. N. 1933. MologJ of 1 he Protozoa. 2n,l cd. Us. and Fcbigcr. 

Philadelphia. i Editors) 1941. Protozoa in Biological 

Calkins. C. N.. and Sumners. F. M. thd.lors*. > 

Research. Columbia University Press. 2ml cd . Lea 

Craig, C. F. 1948. Laboratory Diagnosis of Protocol 

and Fcbigcr, Philadelphia. « I £ p c |. 

Dollein, F. 1949. Uhrbuch der Protozocnkunde. 6th cd.. reused i» 

chcnow. Teil I. Fischer. Jena. r • i i„. i,omc D. R. 

Faust, E. C„ Sawitz. W.. Tobic. 1. 'for the diagnosis of 

1939. Comparative efficiency of ' oai-W 

Protozoa and helminths in feecs. /. <i, " w " ~ ‘_ 2 Masaon ct Cic. Paris. 

Crass6, P. 1953. Trait* de Zoologie. \ > • 1. 1 
Crell, K. C. 1956. Protozoologic. 1 IcidcHn rg. 

Hall, R. P. 1953. Protozoology. Prcuticc-llall.Nc* rk r nt<s tinal 

Hegner It. W. 1927. Host-Parasite Relations between Man and Ills Intes 

sss^r£L~ - - -.— —- monkc>s 

1959. V. Smaller Coelomata Groups, pp. «9»-.13. McGrawll.il, Ms 

Jahn^ L„ and Jahn, K. F. 1949. to <* BwVn> 

Protozoology 4th cd. Thomas Springfield. IU. 

Lwolf, A. (Editor). 1951-1955. Uimlumistnt an,I Physiology of Protoura. 

1 and II. Academic Press, New Wk. Hurecss 

Morgan, B. B„ and Hawkins. P. 1948. Veterinary Protozoology. Burgess. 

Minneapolis. 



54 Introduction to Parasitology 

Pcarse, A. S. 1936. Zoological Names, a List of Phyla, Classes and Orders. 
Duke University Press, Durham. N. C. 

Taliaferro, W. H. 1926. Host resistance and types of infection in trypanosomi¬ 
asis and malaria. Quart. Rev. Biol., 1: 246-269. 

Wenrieh, D. H. 1952. Protozoa as material for biological research. Bios., 23: 
126-145. 

Wcnyon, C. M. 1926. Protozoology. 2 vols. Bail Here, Tindall and Cox, London. 
Wenyon, C. M., and O Connor, F. W. 1917. Human Intestinal Protozoa in the 
near East. Bale, Sons and Danielsson, London. 




AMEBAS 


Amebas are animated bits of naked protoplasm, familiar to every 
freshman biology student who peers through a microscope with appro¬ 
priate marvelings at the simplicity ol animal life in its most primitive 
state. The vast majority are free-living animals inhabiting soil, water, 
and decaying organic matter everywhere, and play an important role- 
in the control of bacteria in some of these situations. In view of their 
wide adaptability and the frequent contamination of food or drinking 
water by their cysts, it is not surprising that some species of them 
have adapted themselves to living out the active phase of their lives 
in the intestines of animals. The majority even of these are harmless 
commensals, content to use the intestine as a javen o r< uni " ” 

food is abundant and enemies scarce, but a few have developed a t 
for live meat, and have taken to feeding upon the wall of the intestine 

that shelters them. „ . ^ 

The amebas belong to the subphylum Sarcodma. class Rhizopodea 
and order Amoebida (see p. 48). The members of Ins order a t 
characterized by having lobelike pseudopodia and no tests or shelly 
The species which live as commensals or parasites m the .nte tmes of 
various animals, from termites and roaches toman, are placed m he 
family Endamoebidae; they are distinguished by having no fhigeHa «1 
stage anil no contractile vacuoles. Hccently a species morphological y 
indistinguishable from Entamoeba' histolytica was found living 

SC Because of their small size, simple life cycles, and ^arcityofgmxl 
distinguishing characters, classification of Endamoebidae into genera 
and species requires a great deal of care and patience Separation of 
Endamoebidae into genera is based on the character of the cysts and 
minute structural differences in the nuclei, and separation of spec 

on still finer details of these characters. 

Habits of trophozoites. All the commensal and parasitic amebas, 

* For use of "Entamoeba” vs. “Endainocba/' see p. 59. 
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as far as known, inhabit the large intestine of their hosts, with the 
exception of Entamoeba gingivalis, which makes itself at home in the 
mouth. E. histolytica and perhaps some of the others occasionally 
invade the lower part of the small intestine just above the ileocecal 
valve, and they can frequently be found in the appendix. They all 
multiply in the active or trophozoite phase by simple fission; in most 
species this is initiated by a division of the nucleus, but in one genus. 
Dientamoeba, the nuclear division usually occurs shortly after cell 
division, resulting in a high proportion of individuals with two nuclei. 
Most of the species are mere scavengers, feeding on bacteria, cysts, and 
various debris in the contents of the large intestine, but E. histolytica , 
and to some extent E. gingivalis. are more fastidious. Both have his- 
tolytic and cytolytic power, and undoubtedly feed in part on the juice 
of tissue cells which they dissolve. E. gingivalis occasionally picks 
up a bacterium or other types of food, but in its natural habitat in 


the mouth it lives mainly on leucocytes or their nuclei. 

Encystmcnt. Most of the parasitic amchas form cysts, which are 
better able to withstand conditions outside the body than are the 
trophozoites, but Entamoeba gingivalis and Dientamoeba fragilis 
manage to survive without them. When preparing to encyst, the 
arnebas eliminate all food vacuoles, round up, and shrink somewhat, 
probably by a condensation of the cytoplasm, so that the nucleus 
becomes relatively large. This is the precvstic stage. A delicate 
cyst wall develops to protect the organism during its hazardous 
existence outside the body while waiting for an opportunity to infect 
a new host. As long as the arnebas are alive the evst walls are relatively 
impervious to many substances, including dyes and weak disinfec- 
tants bul ' have only feeble resistance to desiccation; E. coU cysts 
: rc n y )rc ie " ; ' " nl lhan thoj * E. histolytica. The cysts are unaffected 
> or dilute silver ions m the proportions used for 
water, but they are killed in a few minutes 
Th“ * u i thi t living < yst are not ordinarily stained 
,erea r s dead cysts are, has been used extensively as 
; ‘ of cysts in experime ntal work, but there is some 

. ! re m ,l>> Tn somc ! vcogen is stored during 

■ <>r less well-defined vacuoles, and there may be 

S'^r n L^ 0n,aU,i<, ^ ^dually disappear Jthe 

ta£ ok-d!'* S,X ;rr f amebas « lm< ' ™>«P<ication of the nucleus 
Ludet? » m r ng - T f0nna,i0 " of the hut in lodomoeba the 
uami four S '" 8 ° , ' llnmneha histolytica and Endolimax 

f ° Ur nUC,C ‘ atS norm; ' U >- Produced, and in Entamoeba coli eight. 
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The exact conditions which induce encystment are unknown. In most 
cultures no encystment occurs in the absence of rice starch It has 
been suggested that in cultures, at least, encystment .s related to 
population growth, but whether to crowding or accumulation of waste 
products is unknown. The presence of various organic compounds, 
with a low oxygen tension, seems to be necessary for encystat.on in 
cultures. Cysts are not found in dysenteric or liquid stools and are 
never formed in tissues or liver abscesses. Encystment should be 
considered a naturally recurring phenomenon in the life cycle; its sole 
purpose is the safe transfer of the parasite from one host to another. 
A single cyst, at least of E. coli, may be sufficient to establish an infec- 

"conditions which iead to ewjshncn, *. 
little understood, but most cysts hatch ' in the small iMm above 
where the trophozoites ultimately settle down. The am ^“ 
from their cysts through a perforation ... the cyst 'va . T ‘ jl.e 

■XISL* —. .He *—» »»»■<* 

book, Amoebae Living in Man, the amebas found in may^re m 
terrible muddle, and most ion of this 

valuable . . 

additions, but none of them has stood the test of ’ 'SdM SfoS 

of amebas living losi protozoologists recognize 

mouth; E. histolytica, a pathogenic mtestmalfonn.E.co. 

nana, and loda noeba biilschlii, harmless mtest.nal forms exc pi 

one amazing case (see p. 79); and Dien,amoeba frag,l,, an mtestmal 

I.™ which is .. '“‘ o 7“S;fXh dfc in .he sice o( ,hei, 
if not entirely nonpathogen.c to man. "'u mm pathogenic 

true, although there is one record of change from small to larg 
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cysts after five years in culture, but this observation needs confirma¬ 
tion. 

Differentiation of genera. The outstanding characteristics of the 
genera of amebas which occur in human beings are as follows: 


iJrTAu Nucleu * vesicular with chromatin arranged in a peripheral 
' n Y f ° f beadl,ke granules of fairly uniform size, and a small compact 
endosome; a capsulelike structure, can usually be seen surrounding the 

*o d se S oT e th ? S,S V Pr ° d T d ) Vith 4 or 8 nucIei s ' m >lar in structure to 

f^ e . fr ® e for 7 ls - and including also glycogen masses and refractile 
cl romatmd bodies, though these masses and bodies commonly disappear 
before or soon after the cysts Income mature. (See Figs. 3 and 4.) 

I'hr^t rT f , UC CUS Vesicular wi,ho "t a distinct peripheral layer of 
romatm. A fairly large compact endosome in the interior, usually more 

srn ler m""? : ‘" d C ° nnec ' td b V,^s or processes with one or more 
.'"asses. Mature cysts oval, with 4 nuclei in the known species 
sumlar in structure to those of the free forms. The cysts contain in addi¬ 
tion to the nuclei, a number of small refractile volutin granules The vounc 

cysts also contain masses of glycogen. (See Fig. 5A and A' ) * 8 

andwcn-dereioiied'mmnl vesicu !;'*, r moderate-sized cvntral endosome 

defined solid So? .7'*,“™'', >• *„ply 

nucleus is peculiar in that 1 1 1 decpl >' iodine. The cyst 

wid, the nuclear membrane (See Fig^/TTnd fl" PCr ‘ pherall >' in contncl 

T"' V™'" are ve- 

Ihe center-nucle ir membr ir ' n j°. d b> a cluster of small granules near 
matin; trophozoiies burs, in wa«£ 

tU,»l specificity. There has been muel, discussion about the iden- 
ones found in "ml! ' P °‘' K ‘ S " f a, " ebas “ nd morphologically idenHcal 
intcstS amel^ "„ !,, r n i h ° S ' °» ">e par, of 

zoologists have grir.ilv »lh'.'cV K ' ,< j cepletI - allhough some proto¬ 
evidence against VlT r " Sl>i ' C of Rowing 

illustrate ,& "tuaiion Z is a " ««««* °"e to 

intestinal species. E coli ;in ,l r ; Ti !!■" '"° universally recognized 
successfully transferred to a nlZt /*, latter species can *»• 
rodents, rabbits, cats, dogs and pigs' F ,37 * i ^ ,nonke >’ s - 

monkeys, cuts, and rats i n Vi l - 'V L ' ' ,as )Cen tra, ‘sferred to 
spider monkeys (Ateles) to i P ? CK "' °[ lo ' ver P rim ates, from 

both of these types of uneb ' 1 " K , ' ,1 " sul j hable forms of one or 

species of huma. m„la ' a^d lou b ^ ° f the 

S (and four human flagellates) have been 
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found by Kessel in Macaco monkeys, differing in no morphological or 
physiological respect from the corresponding Protozoa in man. 
Although these might have been acquired from contact with human 
beings, this is probably not true of forty-four wild Philippine monkeys, 
obtained where they probably had had no chance to be contaminated 
by their Protozoa-infested human compatriots, and which Hegner 
found to harbor eleven different species of human intestinal, oral, and 
vaginal protozoa. One was a veritable zoological garden for human 
Protozoa, harboring eight different species, and none had less than 


I** >*. 

Natural infections with E. histolytica occur in most of the animals 
in which experimental infections have been produced. Carnivorous 
animals, e.g., cats and dogs, rarely harbor amebas of any kind, 
whereas nearly all species of omnivorous and herbivorous animals 
harbor one or more species of their own as well as being susceptible 
to the human species. One species. Entamoeba polccki, common in 
pigs and various ruminants, occasionally infects man; it produces one- 
nucleatcd cysts. Reptiles harbor a number of species, including one. 
E. invadens, which is strikingly similar to E. histolytica andjnajtxause 
fatal infections in lizards and snakes. Amebas belonging to the same 
genera as those found in man occur also in insects and other inverte¬ 
brates. A species found in roaches. Endamocba blattac. is thought by 
some to belong to the same genus as the species of Entamoeba m 
mammals; hence the name ' Emlamocba " is often used, especially by 
American writers, but the correctness of ■Entamoeba" is being more 
and more widely recognized. For a detailed discussion of this question 

see Kirby (/. Parasitol. 31: 177-188. 1945). 

Cultivation. All the intestinal amebas. as well as the flagellates 
and dilates (except Ciardia), can be grown in artificial cultures but 
most of them only in the presence of living “associates, of which 
bacteria, including many single species. Schizotryimnum crush and 
cultured tissue cells will suffice. A vast amount of effort has been 
put into a study of the growth requirements of amebas, especially 
E. histolytica, in an effort to develop an axenic (free of other organ¬ 
isms) culture medium. Shaffer and Frye (see Shaffer et al.. 1949) 
came near it with a preconditioned clear medium containing few 
bacteria. There is some evidence that bacteria may be important in 
the initiation of amebic disease (see p. 71). Tlu* growti o 
E. histolytica under axenic conditions was finally accomplished by 
using media containing a particle-containing juice prepared from chick 
embryos (Reeves, Meleney, and Frye, 1957). 

Many media have been developed; some are entirely liquid (e.g.. 
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St. John, Am. J. Trop. Med., 12, 1932; Balamuth, Am. J. Clin. Pathol., 
16, 1946), and some are coagulated slants of whole egg, liver infusion 
agar, or serum, overlaid with various fluids, usually containing albumin 
or serum, and with rice starch added, on which amebas feed glutton¬ 
ously. Some widely used media of this type are those of Boeck and 
Drbohlav (Am. J. Hyg., 5, 1925); Dobell and Laidlaw (Parasitology, 
18, 1926); Cleveland and Sanders (Science, 72, 1930), now available 
as Difco’s desiccated "Endamoeba medium”; E. C. Nelson (Am. J. 
Trop. Med., 27, 1947), and various modifications of these. 

Coprozoic amebas. Cysts of free-living amebas and flagellates, 
and sometimes even ciliates, may enter the body with food and pass 
through the alimentary canal unhatched and undigested. Some of 
these find conditions satisfactory for rapid multiplication in the feces 
after passage, and may confuse an unwary laboratory technician. All 
such amebas, however, arc distinguishable by the presence of one or 
more contractile vacuoles. There is no evidence that these coprozoic 
forms can ever establish themselves and multiply in the intestines; they 
become progressively more abundant in stale feces, whereas the tro- 
\ phozoites of the true intestinal species die out very rapidly, usually 
.within a few hours after leaving the intestines. The discovery of an 
jameba in sewage, Entamoeba moshkovskii (sec Neal, 1953), which 
can pass lor E. histolytica even on close inspection, complicates diag¬ 
nosis. for there is no reason to doubt that cysts of this organism may 
be swallowed under unsanitary conditions. That would make it neces- 

sai for a long suffering technician, in order to make a positive identi¬ 
fication -r r. • 

at 37 

grow at 1 the low 
D»aa;no‘>i*'. 
e f< 


•d 


n o* E. hhtohftica in asymptomatic cases, to culture the organism 
,H,t not at 20 or below, since the parasitic species will not 
i‘ie low temperatures but E. moshkovskii will. 

Diagnosis depends upon (1) finding the organisms in 
" ^ big i correct identification of them. Cysts are 

! iteric stools, whereas trophozoites, except 

oi Dientamoeba, arc less frequently found in formed stools. 

5 nd of “thcr intestinal Protozoa also, are 
so a single examination cannot be relied upon to 
W hen a series of examinations of a single 
gjoup c jv op t is made over a period of weeks, some parasites in the 
: ”T s * lOW U P r °8" ,ar, >\ " hcreas others appear and reappear 
•' \ !■' r T 0> ,vason * though there is no reason to doubt that the 
mtc-.'or. has been there throughout. The percentage of existing infec- 
} 1 al 1 s,n Sl e examination may vary from 20 to 65% 

cep" ..... n, pait on the technique employed, time used, and skill 
anc experience of the technician, but probably also on degrees of 


intermittent!) 
o light all infections. 
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exposure and resistance of the people examined. In Egypt a single 
examination for 10 minutes by M1F reveals 50 to 65V. of existing 
infections with the three commonest species of amebas. when the 
incidences on six examinations were shown to be 97 to 98',. whereas 
Sawitz and Faust (1942) found much lower percentages of actual 
infections revealed by a single examination in the United States 
Better results are obtained by making examinations at intervals of 
several days than on successive days, and there is little advantage m 
examining several slides from the same stool. 

Formed stools to be examined for cysts can be kept m the icebox 
for 2 or 3 days before examination, but trophozoites n, liquid stools 
degenerate very rapidly unless preserved and should he searched tor 
as soon as possible after being passed, while the stool is still warm, 
the stools are kept at body temperature the trophozoites arc-usuaUy 
still identifiable for about 30 minutes. A higher percentagemfec- 
tions can be found in a single purged or diarrheic stool exam ned fo 
trophozoites than in a single formed stool examined for evsts. 0,1 
purged stools are useless for examination. t 

Direct smear examinations arc made by comminuting a small amount 
of feces in saline, to which may be added 1:1000 aqueous eosu, o 

stain the debris pink, leaving the living trophozo. e and cystMm 
stained After spreading the smear over the width of hvo coser 
glasses apply a cover to one side for examination of living organisms; 

fra? a 4 X™St 

filtered after Standing 4days). The iodine will stainmiclei chroma- 
toid bodies etc well enough for identification. Additional aqueous 
instead of saline smears facilitate diagnosis by 
Blastocyst it and by showing certain characteristics; of ^ 

et A ; " 

fixative to 5V £ ^ted! 

Smears^o fixed can be dried on slides s"bs^entl^tiuned svathj 
out harm to the trophozoites. Sapero and Lawless ( 9*5 d a > 
the MIF technique by which specimens caiib.; collected mthefUld. 

home, etc. and .’he‘trophozoites and cists 

rx a ; b ;"d e and showing diagnostic 

^Permanent, stained preparations showing minute 
can be made by fixing wet films with Schandmns fluid (two parts 
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saturated HgCl 2> one of 95% alcohol) with or without polyvinyl 
alcohol; if the latter is used the films may subsequently be dried, 
otherwise not. These films are then stained with iron hematoxylin, in 
the use of which there are many variations (see Craig, 1944), all of 
them requiring skill, patience, and time. Lawless (1953) described 
a permanent-staining technique that requires no special training in its 
use and takes less than 3 minutes, which is very satisfactory for 
routine diagnosis. It should be noted that trophozoites are much more 
frequently found in NlIF-stained preparations than in permanently 
stained slides, in which many are evidently lost. 

Faust et al. (1939) worked out a method of concentrating both the 
cysts of Protozoa and eggs of worms by a zinc sulfate flotation tech¬ 
nique. Saturated NaCl cannot be used for flotation, as it can for worm 
eggs, since it shrinks the cysts and makes them unrecognizable. The 
method is good only for cysts, but concentrates these to a consider¬ 
able degree, after which they can still be stained (see pp. 253-254). 

Other diagnostic methods are culturing, which some workers 
(Michael and Cooray, 1952) consider more accurate than fecal exam¬ 
ination for intestinal infections; and complement fixation, which is 
particularly useful for amebiasis of the liver or other organs outside 
the intestine, but which is often not positive in intestinal cases, 
especially if tissue invasion is slight (Hussey and Brown, 1950; Kenney, 
1952: McDcarman and Dunham. 1952). Brown and Whitby (1955) 
described an amcba-immobilizat : on test with sera from persons with 
amebiasis but found it to be no better than complement fixation and 
considerably more trouble. Norman and Brooke reported in 1954 that 
cultivation was an effective diagnostic technique for fresh purged 
stools, but not for stale normally passed specimens. 


Entaniorhn Itisiolylica 


Distribution anil incidence. Because of its capacity for causing 
disease, its wide geographical distribution, and its discomforting fre¬ 
quence as a reside nt of the human colon. Entamoeba histolytica must 
be ranked as one ol the n. )st important human parasites. Although it 
once had the reputation of being mainly a tropical parasite, it is by no 
means so hunted. It has world-wide distribution, and is almost as 
frequently present, though fortunately not so frequently pathogenic, 
in the temp rate zones as in the warmer areas of the world. The only 
i.Mson that 'las ameba often inhabits more people in tropical than in 
temperate localities is that the people in the tropics take less pains to 
avoid t.evouving its cysts with contaminated food or water. In the 
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Kola Peninsula of Russia, lying entirely within the Arctic Circle, a 
60% incidence of E. histolytica was recorded. 

When routine examinations arc made by competent microscop,sts, 
seldom less than 5 to 10' i of the entire population, even in nor hern 
Europe and the United States, are found to be infected In a^state- 
widesurvey of Tennessee, Mcleney e. ah in 1932 found more^ than 
11% of the rural population infected, and m one 
above 22% ; these findings on one examination indicate probably txxoce 
as great actual incidence. Available information indicates tha tth 
prevalence has probably undergone little change. In one group of 
27 individuals in 5 backward families, 23 were carriers of-vo- 
The Chicago outbreaks of 1933 and 1934 show how l t^ p. 
can prosper far from the haunts of dark skins ami palm trx ( *. 1 
United States about 150 deaths annually betiveen 1946 and 1953 rt 

SmI i" r .yi— 

30 to 60% have been reported; in soim Lu>l • ‘ , f t| 

n 1 inn< In ncnillr OV1T OIK* VCiir OI .11.* • 

actually reach 1(M) .» P< »« j nfecte( | with this or other 

Infants under a I'J • . , Hagellates. The incidence 

amebas, although they freque, l> harbor . g highes , 

gradually h—» *J “ 

incidence in young adults. ^ m „derate incidences of 5 

Hon against the organism. " ‘ • . as many E. coli infections. 

- s—- - - *- 

species makes its transmission casin'- .. . . , 3) are 

large, usually -0 to 30». ,, , () 15 ^ in diameter, in the lumen- 

eating forms, but smaller, i ■ ,; „ ^ race . The amebas have a 

dwelling minuta ^..pLm enclosing the more fluid 

thick outer layer of ck< r st;lU ,, wht .„ warm, the amebas are 

Dobell describes as *\ ^'of „ u . body consists of a single 

condition the rapidly a«'•^ , re j corpllsc les, if present, flow 

clear pseudopod.um " 1, U u , , jd other amebas have 

itLSS ^ 

S3 % allowed to cool, the amebas 
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become abnormal and die quickly. The amebas under these circum¬ 
stances remain in one place and throw out large, dome-shaped, clear 
pseudopodia from different parts of the body; the endoplasm becomes 
full of vacuoles, and bacteria invade the dying body. The nucleus 
also disintegrates and presents abnormal appearances in both fresh 
and stained preparations. Even in this condition the large amount 
of clear ectoplasm serves as a means of differentiation from E. coli. 

The nucleus is so delicate in structure that it is practically invisible 
in fresh active forms except under a phase contrast microscope. 
After being fixed and stained the nucleus has a characteristic structure. 
The nuclear membrane is encrusted with uniform fine granules of 
chromatin, and a small dotlike central endosoine is surrounded by an 
indefinite, clear halo. Between the endosoine and the nuclear mem¬ 
brane is a clear area devoid of granules, marked by a linin network 
which often has a spokelike radial arrangement. E. coli . on the other 
hand, has coarser and more irregular peripheral granules and a larger 
endosoine, eccentric in position, with a more definite halo and with 
a few chromatin granules strung on the linin network surrounding the 
halo; the nucleus of this species is visible as a bright refractile ring in 
fresh, living organisms. When stained with iodine the nuclear 
membrane and endosoine of entamoebas show as refractile bodies, 
and the cytoplasm stains a greenish yellow. 

E. histolytica multiplies by simple fission and a modified form of 
mitosis in which, according to Kofoid and Swczy, six chromosomes 
are formed. When preparing to encyst, the amebas become smaller 
and rounded, lose their food vacuoles, and then lay down the delicate 
cyst wall. I'he relatively large nucleus then divides into two and 
liien four progre ssively smaller ones, but with the same morphology 
as the nucleus ol the trophozoite. Barely, E. histolytica overshoots 
the mark and produces eight nuclei in a cyst. 

Most precvsiic or young evstic amebas (Fig. 3B and D) lay down 
in ti e cytoplasm erm or two bar-shaped chromatoid bodies which are 


retractile in living or iodine-stained cysts and which stain deep black 
wit’* iren hematoxylin; these chromatoid bodies are quite different 
;rom the less massive splinterlike ones found in E. coli. In most young 
cysts there i> some stored glycogen, usually in less well-defined 
vacuoles than in young cysts of E. coli. Both the chromatoid bodies 
aR d the glycogen vacuoles disappear as the cysts grow older. In 
Iresli preparations the cysts have a faintly greenish tint and are re¬ 
tractile; if a preparation containing numerous cysts is viewed with 
a low-power objective slightly out of focus the cysts appear as little 
shining spheres. The size of the cysts varies from about 5 to 20 M 


Amebas 65 

in diameter. As noted on p. 57. there is a small-cyst and a largest 
race The former has cvsts less than 10 /■ (mean . to S ^) m diameter 
he latter has cysts over 10 „ (mean 12 ,) in diameter; the large-cyst 
raL evm-vhen the trophozoites are in the h.men-dwelhng .. 

ph s ssxs- cv... o. e. «*». - 

they are most likely to Ik- confused, is indicated by the table below. 

v/ 


t.n liJimas n<ma 


Sim 

Shape 

Nuclei, number 
Nuclear structure 


Chromalniil bodies 
(when present) 
Glycogen vacuole* 
(when prvarttO 


HI* 

Round 

I'miiiIIv * 

Membram- ni.ru*t.-d 
with lim ebromalm 
gmnule*; '■all ««** 
Irul cmlo'onK 

Darlike 

Usually dilfusc. ill- 
defined 


l»-« * 

Round 

I’.uallv n 

MruWanr en«vu*led with 
.w*r»e» irranule*: lure r. 
u.u»Hv ecwnlrir cudn- 
-.w; - lew Mattered 
thrumal in finmle* 
>|.lu»l« rliW.- 

May be (airly «ell .lefinrd 


IXi*-l»XH* 

l'«uully oval 
l"«ually » 

< brumal in in a *inde or 
(.•bed nia«», Unto relative 
to sire of nuclcu* 


Ab- nt »r dotlike 


None 


..i.. T u. A “”»t 

histolytica is normally an inh. • vcnhiring into the lower part of 

invading the appendix and on. • found anywhere 

the small intestine. Although a meb. valvc anU s. they 
along the 6 ft. of the large cs |Stt . ntlinK colon, and next most 
are most frequent mb« ^ flcxure and rectum. These 

frequent at the opposite"; lhc intestine are usually allowed 

are the regions where the con restless journey through 

a temporary halt in their otherwise rough and resn I 

the alimentary canal. live f„ r only a few hours after 

The motile forms. or ,r< ' 1 f w arc kep , warm, and they are killed 
leaving the body even if the ^ unfavorable conditions, 

immediately by drying. •>«-' • except in the liver of dogs 

Cysts have never been found ... t.u ^ form in lhc lumen 

fed with raw liver or liver e ' d t |, cy have fully 

of the large intestine, and • J ^^ thejr development out- 
matured, but they are ca • J formc d. The cysts arc rarely 
side the body if the cyst • • frequently abound, hut 

found in liquid stools where ^.ncd s ,ools. 

they are often the only forms 1 a „ lim hcr of weeks 

The cysts, if kept moist and cool. 



66 Introduction to Parasitology 

outside the body. They may remain viable for a week or two in feces 
if kept cool, and for as long as 10 days in water at room temperature. 
In a refrigerator they can be kept alive in water for 6 or 7 weeks. 
They will not stand desiccation, however, and have been found to die 
in 5 to 10 minutes when dried on the hands. They will live 24 to 
48 hours in the intestines of either flies or roaches. Although cold is 
favorable for their survival (this in itself is enough to throw suspicion 
on their limitation to the tropics), they are susceptible to moderately 
high temperatures, even as low as 115° to 120°F. They are therefore 
killed by pasteurization of milk and by heating of water; heating and 
filtration are the only practicable methods yet known for destroying 
them in drinking water. Their specific gravity is only about 1.06, so 
they settle very slowly in contaminated water; it is estimated that it 
would take them 4 days to settle 10 ft. in perfectly quiet water. 

, , habiU » rarrs ’ a,,<l invasion. As already noted, when 

in the lumen of the intestine in symptomless cases, the arnebas com¬ 
monly do not contain food vacuoles, although ingested bacteria or 
o her debris is sometimes seen, but tissue invaders freely ingest red 
blood cells. In fact, this is the sole ingested food; the number engulfed 
usually ranges from one to ten, but may reach forty. E. coli, which 
cats without discrimination, may occasionally ingest a red cell if 
oniv a , ’ l ' n any a ""' ; a (°" nd in a dysenteric stool and containing 

he um . n f T Safe y b r rcSardpd «* £ - IMj'ica. In cultures 
the arnebas feed voraciously on bacteria and starch grains. (For 

methods, see p. 50.) Hoare (1952), who recognizes the large- 

ace form T' l" aC | “ <listi,K ' *pecics, and considers the small- 
e ™ f"^ r , mCSS “ S L ■ Coli - sum man>.cd evidence that even the 
ST ° r : n ,US I a CO !""' , '" Nal himen-dwelling phase in which it 
l e T !" " h . ,ch , * ro Phozoites are very small, whence 

mcl'. s ., ,0wewr > * ™ pwliblto that these 

r a fe asThey dot?’ .J” *° <> f «»u- mucous mem- 

... , , ' *" faces «*l*»*res. and then by their lytic 

cenTukes v 7 SU *’f rficial «*»* ..nourish themselves on the 

sup; . ,, " l ,lence of food in the food vacuoles 

in tilc'torm of ■' a\“" id ) Hons - e -~- ,ow host resistance, and with help 
bacteria vino ' ' ' >rane lrri,a,c<1 hv chemicals, injured by 

ti-io invVsion niu T"™' T U, ' hea,,h >' d«c to malnutrition, 
symptoms follow The extenMoT d >' scn,cr y or ° ther 

he a factor, but inconsistent r^uItl Lav^ 0 “^ in Tfforts^o 
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demonstrate such enzymes in E. histolytica. Braden reported that 
E. histolytica produced a hyaluronidasc (spreading factor); Nakamura 
et al. and Harinasuta et al. in 1959 could not confirm this although 
proteolytic enzymes were demonstrated. 

Tissue-invading forms, perhaps because of their ingestion of red 
blood corpuscles and their complete immersion in nutritious cellular 
food, grow larger in size and cease to produce cysts. 

Although some workers have claimed that E. histolytica is invariably 
a tissue invader, James, way back in 1928. called attention to the fact 
that the numbers of amebas often found in the stools makes it 
incredible that they all came from invaded tissues. Since amebas in 
tissues do not form cysts, the tissue invasion may not be the usual 
state of affairs. 

Infection in other animal*. As noted on p. 59. E. histolytica 
can be transferred to many other animals, and natural infections occur 


commonly in monkeys, occasionally in rats, and probably frequently 
in pigs. Rabbits, guinea pigs, hamsters, rats, kittens, and dogs are 
all useful laboratory animals for the study of experimental amebic- 
infections, although they usually have to be infected by special 
methods such as intracecal injection, by duodenal tube, or through 
the anus. Hegner in 1932 showed that New World monkeys often 
show severe amebic lesions when inoculated. Recently it was claimed 
that Old World monkeys were more like man in being relatively 
refractory, but these monkeys, in contrast to llegner s, were previously 
infected ones, and the influence of immunity was overlooked. In 
dogs and kittens, the amebas do not produce cysts unless the hosts 


are fed liver. 

Pathogenicity. 1. nondysenteiuc infections. Although ame¬ 
biasis is usually thought of as the cause of dysentery with blood and 
mucus-containing stools, or of liver abscesses, these conditions are 
actually the exception rather than tlu- rule, and some workers have 
reported that as many as 90'. of the dysentery cases in temperate 
climates are apparently symptomless. Even in the tropics dysentery 
is exceptional; in an examination by the senior writer of 500 stools 
of Egyptian villagers, nearly UK)' • of which had contained amebas 
with E. histolytica morphology, only four of the stools were suggestive 
of dysentery. Faust (1941) found E. histolytica in 13 (6.5%) of 202 
autopsies of persons who had suffered sudden accidental death in 
New Orleans, but in only 5 of these were amebic lesions demonstrated, 
and these were superficial, confined to the mucosa. Craig, on the 
other hand, stated that in his experience 65% of so-called carriers 
have symptoms referable to their infection, which disappear after 
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eradication of the parasite. Sapero (1939), in a study of 216 non- 
dysenteric cases, found symptoms in 100 of them, in many cases 
trivial, but often severe enough to require hospitalization. 

On the other hand. Miller and Cilani (1951) found that a group of 
patients in Calcutta who harbored E. histolytica and had chronic 
gastrointestinal symptoms but not dysentery showed no better response 
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an examination for E. histolytica should he made, and, if found, amebic 
treatment should be given before resorting to operation. 

2. amebic dysentery. Although the small-race amebas appear to 
be harmless commensals, at least in the majority of cases, the large 
race may, under favorable conditions, as noted on p. 66, eat into the 
tissues, first destroying the mucosa (Fig. 6) and then pushing deeper 
into the submucosa (Fig. 7), where they spread out and produce flask¬ 
shaped ulcers. The abscesses extrude their contents into the intestine 



Fig. 7. Section of human colon showing deep amclm ulcer broken Ihn . 
into the sulnnuco,,. Note ahnunnal thick, niug l edema > of ' ^ 

like contents of ulcer: I,,, longitudinal muscle layer: cm c^ut 
l.m., suhmucosa; m.m.. muscularis mucosae; m mucosa; a, mine abscess. 

(Drawn from slide prepared by II. Meleney.) 


as necrosis becomes complete, causing the edges of the m.urcd mucous 
membrane to cave in. giving a craterlike effect. Somettmes evc d 
undermining abscesses coalesce under the surface. Fortunately h 
muscular coats of the intestinal wall usual y act as a burner. bu son . - 
times this layer is penetrated by way of the connect,ve t ssue sheath . 
and the amebas reach the serous membrane, causmg ex enstve adhe¬ 
sions or dangerous perforations. The ulcers vary greatly m numb* 
and size; in severe cases almost the entire colon ,s undo.n,,nod. \V he 
not invaded by bacteria, the ulcers show no signs of inflammation. 1 u 
invasion by bacteria often occurs. Sometimes amebic gra, domata 
form in the colon and .nay be confused with cancerous growths 
The ulceration of the bowel, as noted previously, may pr d c 
severe dysentery, though it does so in a mmor.ty of cases 1 ™ 

for the greater frequency of dysentery in the trop.es has bccn l - l - 
ject of much speculation, and although, as already noted, 
have attributed it to the existence in temperate_ climates oi fixed race 
of very low virulence, others, notably Brug, believe that a tropical 
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climate in itself favors the production of the dysenteric symptoms. 

In amebic dysentery the stools, usually acid, consist of almost pure 
blood and mucus, in which swarms of amebas, laden with blood cor¬ 
puscles, are usually present. The patient is literally “pot-bound,” 
owing to the rectal straining and intense griping pains, with the 
passage of blood and mucus stools every few minutes. In uncom¬ 
plicated cases there is little or no fever, a point which is sometimes 
useful in differentiating amebic from bacillary dysentery. Recurring 
symptoms sometimes manifest themselves over a period of 30 to 40 



Hcj. 8. Multiple iinuhic abscesses of the liver. (About V* diameter.) (From 
(i'.oto'ir.ipli h> Sir I’bilip M.uison-B.ihr.) 


> m or ° vcn longer, and there may 1 »«• latent periods lasting for at 
s > *rs. IVAntoni has suggested that many infections in 
»hs may have been acquired during early childhood from 

infected m< liters. 

1 N,; - 1 11 • 1 " ele.ir that invading amebas 

be drawn into the portal 
carried to the liv< i and sometimes settle 
■ 1 niff the 1 In view, however, of the 

n arc undoubtedly carried to the liver 
lent that this organ must have a high 
Nevertheless, small or temporary 
” are probably much commoner than we 
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enlarging walls. The patient has pain in the liver region, fever, and 
a high leucocyte count, and his face presents a sorrowful aspect of 
weariness and apathy, with sallow skin, sunken cheeks, and dark- 
circled eyes. 

Amebas which have escaped into the blood stream are not necessarily 
halted in the liver but may be carried to any part of the body. Lung 
abscesses are fairly frequent; these are usually caused by direct exten¬ 
sion from a liver abscess through the diaphragm. Such an abscess may 
rupture into the pleural or pericardial cavity, but it usually works 
directly into the lung tissue where the lung adheres to the diseased 
diaphragm. The lung abscess in turn usually ruptures into a bronchial 
tube and discharges a brown mucoid material which is coughed out 
with the sputum. Next in frequency are abscesses of the brain. 
Abscesses elsewhere are rare. Skin infections, however, may develop 
about the incisions made for surgical treatment of amebic abscesses. 

Factors determining pathogenicity. There is no doubt that chronic 
infections with indefinite symptoms are the rule, with the amebas 
localized in the large intestine or liver. Whether an amebic mfect.on 
produces acute dysentery, a chronic state of vague discomfort, or no 
obvious symptoms at all probably depends on several factors some of 
which have already been discussed, e.g., races or strains of amebas 
and their possible production of hyaluronidase. 1 be importance of 
irritation of the intestine by chemical means was demonstrated b 
Nauss and Rappaport. and the importance of bacterial irritation a 
well shown by Westphal (1948) in a study of intestinal ^'bailees 
in German troops in North Africa. He found evidence that amebic 
infections tended to remain chronic, nondyscntor.c lumen infcc o 
until resistance to tissue penetration was lowered by mtercumn 
bacterial infections. In bis experience tissue invasion occurs in abou 
one-third of E. histolytica carriers who acquire bacillary ...is.... I 
infections. It has been suggested by a number of workers that m- 
testinal bacteria, which ordinarily produce no disease. n.a> co mt 
with Entamoeba histolytica in the invasion of he intestinal in c .. 
Bock and Mudrow-Kcicl.enow <1955, showed in extensive ana 
experiments that the number of amebas inoculated Imre no relation 
to the degree of ulceration produced and concluded that the cour i 
of infection is determined by other factors such as the •'ceoinpa. m- 
bacterial flora. Phillips and his associates <1955 have s,k 

evidence for this view by studies on the behavior of L. Insto c« 
germ-free guinea pigs and in guinea pigs having a single M '<. 
bacterium in the digestive tract. In the germ-free aoimal 0 m- ion 
of intestinal epithelium occurred, but ulcerative amebiasis vs as pro 
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climate in itself favors the production of the dysenteric symptoms. 

In amebic dysentery the stools, usually acid, consist of almost pure 
blood and mucus, in which swarms of amebas, laden with blood cor¬ 
puscles, are usually present. The patient is literally “pot-bound," 
owing to the rectal straining and intense griping pains, with the 
passage of blood and mucus stools every few minutes. In uncom¬ 
plicated cases there is little or no fever, a point which is sometimes 
useful in differentiating amebic from bacillary dysentery. Recurring 
symptoms sometimes manifest themselves over a period of 30 to 40 



Fig. 8. Multiple amebic abscesses of the liver. (About Vi diameter.) (From 
photograph b\ Sii Philip Manson-B.ilir.) 
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enlarging walls. The patient has pain in the liver region, fever, and 
a high leucocyte count, and his face presents a sorrowful aspect of 
weariness and apathy, with sallow skin, sunken cheeks, and dark- 
circled eyes. 

Amebas which have escaped into the blood stream are not necessan y 
halted in the liver but may be carried to any part of the body. Lung 
abscesses are fairly frequent; these are usually caused by direct exten¬ 
sion from a liver abscess through the diaphragm. Such an abscess may 
rupture into the pleural or pericardial cavity, but it usually works 
directly into the lung tissue where the lung adheres to the diseased 
diaphragm. The lung abscess in tum usually ruptures into a bronchia 
tube and discharges a brown mucoid material which ,s coughed out 
with the sputum. Next in frequency are abscesses of the brain. 
Abscesses elsewhere are rare. Skin infections, however, may develop 
about the incisions made for surgical treatment of amebic abscesses. 

Factors determining pathogenicity. There is no doubt that chronic 
infections with indefinite symptoms are the rule, with the amebas 
localized in the large intestine or liver. Whether an amebic mfect. 
produces acute dysentery, a chronic state of vague a.scomf.sr. or n » 
obvious symptoms at all probably depends.... several factors some 
which have already been discussed, e.g . races or strains of.ub.. 
and their possible production of hyaluronidase. The importance of 
irritation of the intestine by chemical means was ^ 

Nauss and Rappaport. and the importance of bacterial .rr t.Uion u as 

well shown by Westphal (1948) in a study of intestinal ‘ ' 'rl m 
in German troops in North Africa. He found evidence tha ametnc 
infections tended to remain chronic, nondysen.cric .lumen. mfcctmn 
until resistance to tissue penetration was lowered b > , Ur ^ r 
bacterial infections. In his experience tissue invasion « ' 

one-third of E. histolytica carriers who acquire 
infections. It has been suggested by a number of » 

tcstinal bacteria, which ordinarily produce ( ™ 

with Entamoeba histolytica in the invasion of the '"t-s m l nn ^ 
Bock and Mudrow-Ueicl.enow < 1955) showec In, ^ s s e a n a 
experiments that the number of amebas inoculated (m e ' re'at.m, 
to the degree of ulceration produced and concluded that the course 

r . ( g . , . • .1 i )V other factors such as the accoinpam mp 

of infection is determined m furnished 
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evidence for this view by studies on the behavior of E - 
germ-free guinea pigs and in guinea pigs having a smgl. ^ 
bacterium in the digestive tract. In the germ-free a-A " 
of intestinal epithelium occurred, but ulcerative amebiasis pr 



72 Introduction to Parasitology 


duced in animals harboring a single bacterial symbiont. These ex¬ 
periments do not prove that the bacteria are responsible for tissue 
destruction (also see Neal, 1956). Since it is known that the amebas 
do not thrive in the presence of oxygen, even in very small amounts, 
it might be guessed that the bacteria may aid the amebas by reducing 
the oxygen tension in the region of the mucosa. This line of thought 
is supported by the observation that if reducing substances, such as 
thioglycollate or cysteine, are administered with amebas to germ-free 
hosts, lesions in the intestinal wall are produced (Phillips and Wolfe 
unpublished, cited by Phillips, 1957). In 1956 Krupp reported that 
in laboratory animals the migrations of ascarid nematode larvae 
facilitated the transport of amebas to the liver. 

Diet has a great influence. High protein diets are unfavorable for 
the parasites owing to unfavorable effects on the environment (see 
p. 22 ), and adequate protein is necessary to permit the development 
of immunity (see p. 30). Milk is beneficial in monkey infections, but 
apparently not in rodent infections. Lack of vitamin C in guinea pigs 
(Sadun, Braden, and Faust, 1951), and of niacin in dogs (Larsh, 1952), 
lowers resistance to amebiasis. Haw liver or liver extract (by mouth 
but not by injection) benefits dogs with amebiasis just as it does dogs 
with black-tongue, a disease due to niacin deficiency. Human beings 
suffering from amebic infections sometimes lose their symptoms 
promptly when put on a diet rich in proteins and vitamins. 

Immunity undoubtedly plays an important part, as Swartzwelder 
file! Avant (1952) showed in the case of dogs and of rats. As in other 
parasitic infections, antibodies undoubtedly help keep the disease in 
v ‘ s0 far as tissue invasion is concerned. However, it 

? ^ that acquired resistance and the basis for it when it 

:>ec 5 *rs is not well understood. 
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ey pass the stomach. It also throws 
light on the relative frequency of amebic infections in individuals 
with abnormally low stomach acidity. 

Since amebic cysts survive for considerable periods outside the body 
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if not desiccated (up to 8 days in soil), it is obvious that if they get 
into drinking water or moist foods, such as raw vegetables, they are m 
an advantageous position both from the standpoint of length of l.te 
and of opportunities to “thumb a ride” into a human alimentary canal. 
Polluted water is undoubtedly one of the most important means o 
transmission, and wherever unprotected or untreated ground water 
is used for drinking in areas where there is widespread soil pollution 
amebic infections will be common. Such conditions prevail over vas 
portions of the tropics and in the rural areas of our own southern 

S 'Even when a purified water system prevails, accidents may lead to 
widespread outbreaks of water-borne infect.ons. One j 
defective plumbing. The basements of hotels and public bin dings 
frequently contain a veritable maze of pipes. -raduaHy brnlt 
repaired, and replaced throughout 

irSw^S;— -dbyanoutbreak^duringithe 

Chicago World’s Fair in 19*3 in which defective plumbing caused 
almosf 1000 known cases of amebiasis and 58 death. scatW over 

20. CM.,. The 

sanitary fixtures into water lints, leakage i 

and even cross connections between sewer P-P«ad > 

made by careless and muddled plumbers. Sue . fi« ts n lundnng 

"7 “ '» 

taminated with sewage at a hak ) • most c iti 0 s 

(Le Maistre. et a!., 1956). Chlorination of.aater in most cities 

cs ssrs .Tfi s r a 

dirty swimming pools if very much only a f ew minutes 

on^handsf'except under long, closely fitting «*J-*. and that the 
chances are against transmission by so.led hands of ood In mil- 

on any single occasion food handlers 

sw e ° oks ; 

waitresses, etc., must all occasionally transmit amebic infection, pr 
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ably housewives and mothers are most important, since the frequency 
of exposure is greatest. However, the fact that food handlers do not 
transmit infection as readily as was once supposed is comforting news 
for those whose gastronomical needs are ministered to by native 
servants, public food handlers, or rural southern hospitality. 

Animal carriers probably do not contribute to human infection, but 
Hies and roaches may do so. Pipkin (1949) showed that filth flies 
are capable of passing viable cysts in their vomitus up to an hour 
after ingesting them, and in their feces for over four hours. Flies 
probably play some part in transmission in unsanitary communities, 
and may occasionally be an important factor in local outbreaks; Craig 
described one such outbreak in some troops in El Paso, Texas, in 
1916. 

Diagnosis. This should usually be based on the finding of Enta- 
moeba histolytica in the stools by the methods described on pp. 61-62. 
Complement fixation and cultural methods were discussed on pp. 62, 
59-60. In examining dysenteric stools for trophozoites, special atten¬ 
tion should be paid to Hakes of blood or mucus. When clinical 
manifestations of infection are present, a high percentage of cases can 
be diagnosed by a single examination of a stool or of the rectum 
by a proctoscope. The presence of whetstone-shaped “Charcot- 
Leyden" crystals in feces is usually indicative of E. histolytica in¬ 
fection. 


Experience in identifying Protozoa is required. As great a danger 
lies m making a false positive diagnosis as a false negative one, for to 
mexperk need workers an ameba is an amelia, and often even epithelial 
• hs and other objects are amebas. Many a patient unfortunate 
1 on J, !.■ have an undiscriminating technician mistake leucocytes in 

* bac ! n . , ' l( sto °l or ‘hid an innocrut E. coll or EndoUmax 

. Jl . ‘ ul to Sl,bm * -rse of treatment which was useless if 

not * n *i ,rM,U3 hi.n -n nid quite innocuous to the amebas. Dobell 
n I'd. V ote: “The errors committed by ai examiner with little or 
no ptcv.M.s experience are such as I could not have believed possible 
il l me no* actually enco. nt red them: and in cases where the health 
ot the patient is at stake, it is [ believe almost better that no 

!. na i ' ' d.. . dd be n id than that it should be made by an 

mco 1 nt and in xperieiKi p - » n .~ 

"1 mar,y ot * ,or P r °tozoan diseases, amebiasis if left 
« ‘ tM,< s h> bee n,.- chronic and to persist indefinitely. Since 

[ men M r" 7 i° ih ° n lhc mucosal cells in the 

; , l>i ' 1 V , J "! f, ‘‘ “*»«•'* Immanent cure requires a drug or 

,lr ° CS ,hal «“*»• « Ulher situation. Different drugs are 
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needed ( 1 ) to stop acute dysentery promptly ( 2 ) to eliminate acute 
or chronic infections from the intestine, and (3) to cure hepatic, 
pulmonary or other extra-intestinal infections. 

For prompt relief of acute or subacute dysentery emetm was onK 
the drug of choice in spite of its toxicity and the fact that it ha* to 
be given by injection, but certain antibiotics—F mnagillin. Terramyc . 
Erythromycin, and Aureomycin-are more effective, and can be given 

eradication ni in.e.Hnal infection, after the i. con, 

trolled, or in chronic cases, certain arsenic. c". m P“ m ^^S 2 : 
Thiocarbarsone. Milibis) and a number of iodine «on o^C.h 
ofon (Yatren). Diodoquin. and Vioform) are effective ' 
a period of 7 to 10 day. (for d—of Car^ ™ 

pound. ..« (JJ. tice. daily after 

ZKS can be ^ J£* 

where there is acute dysentery the arsenic and odnu 

are sHll the drugs of choice even though » •" disturbances, 

effective, because the latter sometimes cause *™u» d^tud ^ 

with elimination of the normal bacterial flora o 

many other upsets of the balance of nature, tins may have very 

desirable effects. othe r extra-intestinal amebic 

For amebiasis of the ” r “ffeciive ,lrug known, has been almost 

infections, emetin, long the only i Chlorociuine. The 

enfireiy .up.r.cd.d by .he ft SXrgh 

results are dramatic; apparent c . „„ f or o or 3 weeks, 

ment should be continued wjhjjdjc • - ^ ^ twicc daily 

Conan (1948) got good results with O.i U ( , ajlv for 12 to 19 

for 2 days, followed by sustaining « ^ Q ^ gram tab let of 

days more. One recommended ^ 4 days , hen ow . twice 

Chlorociuine diphosphate ever) twentv-first day, given 

daily for 7 days, and then one dail> 

after food. , c||red without affecting in- 

Because intestinal infections . trie d treatment and 

cipient liver motions, of Milibis and Ch.oroqu ine. 
subsequent prophylaxis with a (1953) experimented with 

and found it very successful. Ma jj> a „| 538 acute 

a number of drugs singly and in «" Tcrrainycill alone or in corn- 
infections in Korea. They fo * n|ofon or clilorocpiinc; Milibis 

bination with emetin, Carbarson , r'lilorcxmine all gave excellent 
and Chlorociuine; and Aureomycin .u 1 • not 1IM . Fnmagillin 

initial responses and low relapse rates. 
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Erythromycin, or Puromycin which have been used by later workers 
with satisfactory results. 

Diodoquin, a nontoxic drug, was recommended by Craig as a 
prophylactic for travelers in places where there is danger of infection. 
A nonmetallic organic compound, Camoform, is useful for both 
intestinal and extra-intestinal amebiasis. 

Prevention. The essentials in the prevention of amebic infection 
are sanitation and protection of water and vegetables from pollution. 
Soil pollution, especially by use of night soil, is dangerous in places 
where unfiltered water is used for drinking, even if it is chlorinated. 
Clark showed that there was a great falling off of amebic dysentery 
in Panama after a good water system was installed in 1914-1915. In 
view of the plumbing hazards discovered in Chicago in 1933 and in 
South Bend in 1953 it seems evident that public health officials and 
city governments should spend sufficient money for inspection of 
hotels and public buildings, but for the most part they have not 
done so. 


Vegetables such as lettuce, radishes, and strawberries, grown in 
ground fertilized by night soil or even in ground subject to ordinary 
pollution, arc dangerous. Beaver and Deschamps (1949) recommend 
immersion in 5'.' acetic acid (or vinegar) for 15 minutes at 30°C. 
or in 2.5 % for 5 minutes at 45 C. It is customary for Europeans 
in the Orient to soak uncooked vegetables in a potassium permanganate 
solution lor an hour, but usually several cooks have to be discharged 
belore one is found who will actually carry out what he considers a 
.'il y notion rather than risk being caught not doing it. Even then he 
tec’s that if he sets a head of lettuce in an inch of “red water” he has 
sufficiently carried out instructions. Immersion for 30 seconds in 
water at about 150 F. has also been recommended. 

Although transmission by the hands may not he so easy as was once 
!'posed. Craig believes that food handlers constitute the most im- 
. .nl neai.N of transmission in sanitated cities. The tendency for 
‘on to spread in families indicates transmission from person 
. probably .•. a rule from the servant or housewife who 
a. vs lor.d. Continually repeated exposure may be dangerous 
•oi a! exposure is not. A careful washing of the hands with 
m l water alter using a toilet would probably eliminate most 
ol he danger, james recommended that Europeans in the tropics 
should' msi.'t on all servants cleaning their hands thoroughly with 
scrubbing brush, antiseptic soap, and water several times a day, 
especially before preparing or serving food. This is excellent advice, 
hut m some tropical countries one would have to stand over each 
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servant with both eyes wide open during the entire process of each 
washing and would very likely have to render assistance! 


Other Intestinal Amelias 

The other amebas which inhabit the human intestine, with the 
exception of Dientamoeba frazil is, would be of very little consequence 
if it were not for the danger of confusion between them and Entamoeba 
histolytica. They are never tissue parasites, and there is no good 
evidence that a human being is any worse off for harboring these 
guests in his intestine. They ordinarily live free in the lumen of the 
intestine, where they feed on bacteria, small cysts, starch grains, and 
all sorts of debris found in the semifluid medium in which they live. 
In other respects, such as life cycle, cultural characteristics, mode of 
transmission, transferability to other kinds of animals, etc., they appear 

to be similar to E. histolytica. . 

Entamoeba roli. This is the commonest species of amelia in the 
human intestine and has been stated to occur probably in 50> of 
human beings; its distribution is world wide. According to Dobell 
“no race, nor any country, has yet been discovered m which infections 
with this species are not common." In the United States it has 
roughly about three times the incidence of E. histolytica. The motile 
forms are found especially in the upper part of the large intestine, 
and the precystic and cyst forms lower down. 

The outstanding characteristics of E. coll (Fig. 4) have been men¬ 
tioned in connection with its differentiation from E. histolytica, but 
they may advantageously be summarized again. The living forms are 
usually 20 to 30 in diameter and are never as small as the smalles 
races of histolytica. The body usually has very little ectoplasm and 
even the ponderous pseudopodia are usually composed mainly of 
endoplasm, although clear ones are occasionally produced. Unlike 
histolytica this ameba tends to move about sluggishly in one place 
without making much headway in any one direction. The body is 
usually crammed with food vacuoles, for it is a voracious and tin- 
discriminating feeder. The nucleus is visible in living specimens as a 

In stained specimens the contained food and the nucleus d,s inguisl 
it from histolytica. The nucleus has a coarser peripheral layer of 
chromatin, a larger and eccentrically placed endosome, and usually 
dots of chromatin strung on the limn network 

The precyst stages are the most difficult to distinguish from > 
of histolytica: the distinction can be made only by observation of 
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nuclear structure in good specimens; the 2-nucleated stage (Fig. 423) 
usually has a very large glycogen vacuole, which nearly fills the cyst, 
lying between the nuclei, but this begins to become diffuse even by 
the time the cyst becomes 4-nucleated. The mature cysts, which are 
most commonly found in fresh stools, are 15 to 22 /* in diameter, 
have 8 nuclei of the typical coli type, more granular cytoplasm than 
in histolytica, and either no chromatoid bodies or else a few flakes like 
splintered glass, but never the heavy bars found in young histolytica 
cysts. According to Hegner, the cysts hatch as entire 8-nucleated 
amebas. 

hntlolimax nana. This little ameba is almost as frequent an in¬ 
habitant of the human intestine as is Entamoeba coli , and is frequently 
found in 15 to 30', of cases in routine examinations in this country. 
Its principal characteristics are those given under the genus Endolimax 
on p. 58 and shown in Fig. 5A and A'. It is a very small ameba. 
varying from f> to 12 or 15 t i in diameter, but usually averaging only 
about 7 to 9 It creeps sluggishly like E. coli and often contains 
numerous food vacuoles filled with bacteria. The 4-nucleated cysts 
(Hg. 5 \ ) arc* distinguishable by their small size (usually 6 to 10 
by 5 to S ,«>, their usually oval shape, and the peculiar structure of 
the nuclei, described on p. 58. Like E. coli, it cannot be eliminated 
' ,' US a,,,, °iiqh d temporarily disappears (luring emetin treatment. 
Emlrhmax nano also occurs in monkeys, and probably identical forms 
'* .*:n: pigs; a form from a guinea pig differing only in 
h is also been described. Other probably different 
species occur in frogs, lizards, and fowls. 

* ulnmnebn butschlii. This small ameba is usually larger than 
nt,,M a,ul smaller than the* entamebas. Usually the amebas 
*° 11 f in diameter, but specimens varying from 4 
fo-nd. and We.,rich (1937) believes that there are 
I lie characteristic features of the nucleus are 
am* shown in Fig. 5/5 and IV. The living tropho- 
' 1 i- ’ve about by the extrusion of clear ectoplasmic 

1 •' i -«n is not usually visible, but there are usually 
hi stained specimens the body does not 
vtoplasm and often has a vacuolated 
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mass on the inner side of it. Usually the nucleus remains single, but 
Wenrich states that occasionally cysts with two or even three nuclei 
are formed. The most striking feature of the cysts, however, is a large, 
sharply defined vacuole filled with glycogen and therefore staining 
brown in iodine. In fixed and stained specimens the glycogen dissolves 
out and leaves a large cavity. 

lodamoeba butschlii infests a very high percentage of monkeys and 
pigs. Cauchemez estimated that 50 r i or more pigs in France are 
infected, and Feibel found 2()Ci of pigs slaughtered in Hamburg 
harboring it. The pig may. in fact, be considered the normal host 
in temperate climates. This is another example of the close parasito¬ 
logical relations between pigs and man. This ameba is not so com¬ 
mon in man as those hitherto described, in most surveys in this county 
it occurs in 2 to 0%. especially of adults. Much higher nw.de ce 
have been reported in Mexico and China, and ... some Eg> pt.an 
villages the incidence is over 50'/r. in spite of the fact that p.gs are 

“h?ieleV 0 ^ unique and amazing instance of fata.. ^ralized 
amebiasis in a Japanese soldier, captured m New Gumea_ The e 
were amebic ulcers in his digestive tract from stom ch 
also in his lymph nodes, lungs, and brain (but iact: m l.w 
which the amebas were definitely not Entamoc >ti *' 4 _ , ' 

lodamoeba butschlii or one closely rescmblmg .. < >' . 

Dientamoeba frogili: This is another small ameba .usually ranging 

in size from 3.5 to 12 the average is usually' "onjJ 9 * ’. 
diarrheic stools it may be 11 This ameba (F^. 5C and C.^ 
peculiar in that, in most populations of it. a >uj K , cause „„|ike 

and occasionally supernucleatc forms appwr^ Tl . ^ 

other amebas, the nucleus divides sho r > . t c f our t o 

.1 iu., b..„„ IL The nucleus h. j £ 

eight deep-staining granules one ^ wi , h or with out food 

cytoplasm has a granular or frothy ail ' , dcniarca t e d from the 

vacuoles, and often the ectoplasm * j“ raclcrs of ,„e 

endoplasm by a deep-sta.n.ngvonc. TK^ ^ WcIirich to suggest 
nucleus and cytoplasm have led •>» 1 n 1 11 S . IVS that 

relationships to the flagellate 

D,entamoeba is, indeed, a ^ art . f„„ned by 

circumstance that it possesses no II*« nuclei are 

Dientamoeba. «*. « 

not visible, and they stain poorl> in M • 5 or jo 

trophozoites remain in a sort of daze , immo >i c - . broad, 

minutes, appearing rounded and granular; they then extrude 
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flat, leaflike pseudopodia of clear ectoplasm. In tap water they swell 
up and explode, leaving a hollow shell of ectoplasm. 

Dientamoeba has a world-wide distribution, and its incidence is 
probably much higher than commonly reported, partly because 
methods suitable for its detection are not used and partly because 
many technicians fail to recognize it when they see it. Wenrich and 
his co-workers found it in 4.3% of 1060 students at the University of 
Pennsylvania and in 3.9% of 190 Philadelphia food handlers, when 
only a single stool was examined; with more examinations an incidence 
of 7.4% was obtained in the latter group. In some institutions 
incidences of 36, 42, and 50% have been obtained. In some Egyptian 
villages the senior writer found it in 11% of the population by a 
single 10-minute stool examination in MIF. Yet Wenrich (1944) 
reported that, in 19 surveys in the United States between 1934 and 
1944, 65,253 persons were examined without this elusive organism 
being found in any of them! The organism is best recognized in 
smears fixed with picro-forinol-acetic in the proportions of 75:15:10, 
and stained with iron hematoxylin. In the group of 1060 students 
mentioned above, over 60% of the Dientamoeba infections were 
recognized only on stained slides. 


There is strong evidence that Dicntamocba may sometimes be patho¬ 
genic, so. unlike the other amebas except Entamoeba histolytica , it is 
of interest to the medical practitioner as well as to the parasitologist 
in an ivory tower. Wenrich et al. in 1936 reported a higher incidence 
oi gastrointestinal disturbances among students playing host to this 
';<•!>;> than among those harboring Entamoeba histolytica , and Sapcro 
(* 939 ) recorded that 27% of Dicntamocba cases had complaints as 
compared with 43% of those with E. histolytica , and 7% of those 
i•ovoid of intestinal protozoa or harboring only Entamoeba coli, 
I ml 'll max. or lodamocba. Wenrich calls attention to frequent eosino- 
phm.i in Dicntamocba cases. The commonest symptoms associated 
with it r.re diarrhea, colicky pains, fatigue, and weight loss. Burrows 
ct al. ( 1954 > found this ameba in 4 of 5S1 appendices; in every case 
they were ingesting reel corpuscles (though not invading tissues), and 
they appeared to be the cause of a fibrosis of the walls. 

Mow Dicntamocba is transmitted is still an unsolved problem, since 
the organism usually dies in from a few hours to a dav or two in feces, 
and explodes in water. Dobell failed to infect either himself or two 
monkeys by means of swallowed cultures, although the infection does 
occur in monkeys. Dobells belief that Dicntamocba is related to 
I/istomonas suggests the possibility that it may be transmitted by the 
eggs ol parasitic worms, since l/istomonas is transmitted in this manner 
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(see pp. 104-105). Burrows and Swerdlow (1956) suggested that 
Dientamoeba enters the host in the eggs of the pin worm, Entcrobius, 
but this has not been demonstrated by experiment. 

Dientamoeba infections usually respond to Carbarsone and other 
drugs effective against £. histolytica. This in itself is suggestive of its 
being a pathogenic parasite, for the species of amebas that are content 
to live a saprophytic life in the lumen of the intestine are unaffected 
by these drugs. 




Fig. 9. Entamoeba ginxtvalts: A. stained specimen; B. living specimens; nucleus 
near center of stained specimen, and visible in unstained specimen at right. 
(Adapted from Kofoid and Swczy, Vniv. Calif. Vubl. V.ool.) 


Mouth Amebas (Entamoeba gingivalis) 

In contrast to all other amebas living in man or animals, there is 
one species of Entamoeba, E. gingivalis, which inhabits the mouth 
instead of the large intestine. The same or a similar species has been 
found in pyorrheal pus from the mouths of dogs and cats, around the 
teeth of horses, and in a high percentage of captive monkeys. Dogs 
with inflamed gums or pus pockets can be infected with the human 
mouth ameba. In man it can be found in a high percentage of indi¬ 
viduals, increasing with advancing age until, according to Kofoid, 75% 
or more of people over 40 harbor it. 

E. gingivalis markedly resembles E. histolytica. It is about 12 to 
20 fi in diameter and has crystal clear ectoplasm (Fig. 9). The 
vacuolated endoplasm is usually crowded with food particles which 
seem to float in the center of large, fluid cavities. The pseudopodia 
are normally broad and rounded, like large blisters, and the ameba 
normally progresses rapidly in various directions. The nucleus has 
the peripheral chromatin in rather uneven granules, and the endosome 
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consists of several closely associated granules. Whereas the E. his¬ 
tolytica nucleus has a clear halo around the endosome and a finely 
granular outer zone between the halo and the nuclear membrane, 
E. gingival is has a granular, cloudy halo, especially dense around the 
endosome, and a clear outer zone, through which a few spokelike 
strands of linin run. 

Unlike its close relatives this species fails to form cysts; apparently 
the ease and rapidity with which infections can spread from one human 
mouth to another do away with the biological necessity for cysts. As 
would be expected of an organism inhabiting the mouth, it is rather 
more adaptive than the intestinal amebas to changing environmental 
conditions, e.g., heat and cold, hvdrogen-ion concentration, and chem¬ 
ical constituents of a culture medium. 

The fw °d vacuoles of Entamoeba gingivalis sometimes contain bac¬ 
teria, but they most often contain the nuclei of leucocytes in various 
stages of digestion (Fig. 9). Although E. gingivalis seems to occur 
more commonly in diseased than in healthy mouths, there is no con¬ 
vincing evidence that the organism causes oral disease. It has been 
found on a few occasions to multiply abundantly in bronchial mucus 
and appear in sputum, and this could easily lead to a false diagnosis 
of pulmonary E. histolytica infection. 
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Chapter D 

INTESTINAL FLAGELLATES 
AND CILIATES 


Flagellates in General 

I lie flagellates (snbphy linn Mastigophora) surpass all other Protozoa 
m numbers of individuals and in variety of environments successfully 
occupied. I’ree-living forms range from the "red snows" of Alpine 
summits to the ooze ol the ocean’s depths, and they abound in natural 
"."ns sml. decaying organic matter, and. either as commensals or 
parasites in the bodies of the majority of species of animals and many 
pl.mls » lu re few tissue, or organs are immune to their invasions. In 
then varied forms of nutrition ami metabolism thev afford valuable 
material lor the studs of fundamental biological problems. 

, As no,l '‘ l 0,1 I’ ,S - "'<• Mastigophora are divided 

’ . " ,c '"'■yloinastigophorea and tin- Zoomastigophorea. 

"" s-vn algalike forms « ami their allies I and the animal- 
Inrins. respectively. All .!„■ llageUates that are parasitic in higher 

!“ I,u 7 \ ."Sligophorca. and there are representatives 

i, ,'" r,ta * Hypermastlgida, contains 

, .. ,p " ni,cs roaches, enabling these 

, " ’ «iHi-waph poles and old books as food. 

Hu- followin '' 1 ramu". ??' ,‘ ,ivWons ,nto 

, jj( a •' tollowmg Jalin and Jahn. and Hall, is as 


Ol 'fi t ! !’ iri/on .I-Myltl... 

ILgilhi.n. 

Oulci 2 . 

aim hold* no axnstvlt 

I*avnilx I ryp;ni«»oiiiul;u 


' l,v ’indH'.ici. with pseudopodia. and 1 


' . ! ‘ body plastic but not 

1 bimilics. including tlu* following: 
llagdluin , tiding in hlepharoplast. 

Includes 


l( l . I- , i . . .nttiiiio in a 

' UN ( V "l" ‘rateij absent* 

till luiiHiil.kgth.itos of vert**l.r.,t, < 
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Family Cryptobiidae. Two flagella, one trailing and adherent to 
body; large kinetoplast. Parasites of mollusks and digestive tract 
of fishes. Cryptobia and. in blood of fishes. Tnjpanoplasma. 

Family Bodonidae. Two flagella, one usually trailing in swimming. 
Some in digestive tract of amphibians and reptiles; mostly sap- 
rozoic. Bodo and Cercomonas often found in stale feces or urine. 

and sometimes in urinary bladder. .. . vit i. <> 

Order 3. Polymastigida. A heterogeneous group of flagelk> '"h 5 
to 8 flagella (2 in Rclorlamonas) and 1 to several nuclei. . 

rasssirtr. 

distinct genus (see p. 103 ». , 4 , trai , illg , | nucleus; 

»*. • .,,.... 

FamilyHeliriti'rUte. Flagella 6 or 8; 2 nuclei; parabasal bodies and 

- 

roaches. 

_ • w#. nn divide all the flagellates found in man and 

»< V" -r :n niiir." 

m?5Ss£3£3=E 

the alimentary canals of , , ai liv( . , rac ts of many 

zz ... - 

along with other Sporozoa. 
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INTESTINAL FLAGELLATES 

The human “intestinal” flagellates which are commonly recognized 
belong to five genera, of which Trichomonas lives in the mouth, large 
intestine, and vagina; Chilomastix , and probably the rarer Retortamonas 
and Enteromonas , lives in the large intestine; and Giardia lives in the 
small intestine. In addition to these genera we shall briefly consider 
Histomonas, a parasite of the intestine, ceca, and liver of turkeys, and 
Hexamita, in the intestine of various birds. Most of these intestinal 
flagellates form cysts, but neither Histomonas nor any of the tricho- 
monads do so. None of these flagellates require an intermediate host 
except Histomonas, which makes use of the eggs of an intestinal worm 
(Hctcrakis) for this purpose. 

All the intestinal flagellates except Giardia are easily cultivated in 
artificial media and are less fastidious about their culture media than 
are the amebas. although any medium satisfactory for amebas will also 
grow the intestinal flagellates. Unlike the amebas, however, the flagel¬ 
lates do not require accompanying bacteria. A simple and successful 
culture consists of a long slant of 1.5% nutrient agar, without a butt, 
half covered with a sterile Hinger solution with one-twentieth part of 
horse serum added. For Trichomonas vaginalis the slant should be 
three-quarters cowrrd the >»11 lowered to 5.5 to 6, and 0.2% dextrose 
added it ' ; hi i ~ustomp.iV to subculture every few days, but 
*d. '• th ■ ninricnts and evaporated water are replaced 
idlwill hvc possibly for years. 

,v dt h » ' 1’ates appear to be harmless commensals; 
*;.'r . for*mm nas, and Enteromonas. Trichomonas 

hand unquestionably have pathogenic pro- 
i’ diors tend either to minimize or exaggerate 


*1 i l:c *'• • t; 1 1 me- 1 . 
zoans * • «. on fin d f 
anirna* b is •• o'**:i *•».: 
normally irftet 
show that many inn 
animals as i mi eys. ; 


’’ s to ‘he extent to which intestinal proto- 
•• * ho>ts. Some workers believe that each 
»r to it and that these species do not 
'x Unve\ er. evidence is accumulating to 
pi*»l ./oans of man are able to live in such 
• >, and hogs. 


Naturally ihe^e p irasites are seldom discoxvred except when there is 
some intestinal uihn* nt. since in normal health feces are seldom sub¬ 


mitted for examination. Where 


routine examinations hax'e been made 


regardless of physical condition, it has been found that a large per¬ 
centage of people in unsanitary places are infected. According to 
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Russian workers, there is some evidence that one penalty of collecti¬ 
vization in the Soviet Union and her allied countries is enhanced 
transmission of intestinal protozoa. In examinations of children under 
a year of age in Egypt (unpublished data by Lawless), flagellates, 
particularly Trichomonas and Gianlia, are common, whereas amebas 
usually do not appear until near the end of the children s first year. 

It is important to remember that free-living, coprozoic flagellates not 
infrequently appear in stale specimens of feces or urine, and may be 
a cause of confusion to unsuspecting technicians. Especially common 
are species of Both and Ccrcomonas, 5 to 10 M long, both of which 
have two flagella, one anterior and one trailing. Bodo has an indistinct 
cytostome and a parabasal body, which Ccrcomonas lacks. 


Trichomonas 

General morphology. The trichomonads (Fig. 10) are all spindle- 
or pear-shaped organisms easily recognizable by their free anterior 
flagella, which are three to five in number, and their undulating mem¬ 
brane. The latter has a flagellum and an accessory fibril along its 
outer margin, giving it a double appearance, and a deep-sta.mng basa 
rod or cost along its attachment to the body. The body is supported 
by a stiff axostyle often protruding posteriorly like a tail spine. The 
anterior nucleus is round or oval with varying amounts of chromatin. 
In most species there is a sausage-shaped parabasal body ai.tenorl> 
close to the nucleus, with a posteriorly directed P“ rabaSa ' fib ' q '' 
T hominis the parabasal seemed to Ik- lacking, but Kirby (1945) 
noted a small rounded one in a slightly different position. The an er.or 
flagella, when three or four in number, arise together from an anterior 
blepharoplast; when a fifth is present it arises separately and is pos¬ 
teriorly directed. Trichomonads do not have a cytostome. although 
some authors refer to such a structure in these animals. As a matter 
of fact, most food particles are ingested at the posterior end of the 
body by phagocytosis. All these structures are shown ... Hgs. 10 

^Species Many vertebrates, including fish, frogs, reptiles, birds, and 
mammals, harbor species of Trichomonas. Some of these species 
habitually have three, some four, and some five anterior flagella. 
These have been placed by some authors in separate genera. Tritnc/m- 
morns, Trichomonas, and Penlalrichomonas, respectively. There has 
long been a belief that the human intestinal species T. horn,ms, unlike 
other forms, many have either three, four, or five flagella but there is 
still some uncertainty about it. since two or more of the clustered 
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rig. 10 . Trie ho.,Hinacls of man: A, T. ccninalis; H, T. tenax; C, T. hominls. 
Almrcx iations: a.fl. anlcrior flapcllum; ax., axmlylc; c. costa; pr., mctachromntic 
gran tiles; nucleus; par.,has.,I parabasal fibril; p.fl., posterior 

Ha-re Hum; m.mi.. iimlulatiii}' membrane. (A after Wenrieh. Am. ). Trap. Med., 
P> ,,< r »*c>.»ii-h. rji. Am. J. Hyp., 1959; C after Kirby, ]. Parasitol., 1945.) 


aufcerio. fhtuella Und to adhere to each other. In 1954, Flick showed 
1,1 l 'it»irc.s of T. Iiomihi*. 77'; ol the evils have five flagella. The 
five-Ilagi lla'ed for.,, differs from other species not only in 
ha Wei* the additional independent flagellum, but also in having a full- 
'••'•biKUtr.t* membrane and costa, free posterior flagellum, and 
a (liilerent l>pe ol parabasal body. These characteristics seem suffi- 
eicnl fo 'varr.m- separating these five-flagellated intestinal forms into 
a separate genu*. I’cniutiichonumas. They occur not only in man but 
also m monkeys, cats, dogs, and rats. Wenrieh. however, prefers to 
he conservative and retain the name Trichomonas hominis for the 
intestinal group umil the status of four- and five-flagellated forms is 

determined. 

Many forms of Trichomona show distinctive morphological and 
physiological characters whirl, u arrant their recognition as distinct 
species. There is. however, no justification for recognizing new species 
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simply because they are found in new hosts, since, to the annoyance 
of those who adhere to a belief in fairly close host specificity for intes¬ 
tinal Protozoa, many trichomonads are remarkably promiscuous about 
their hosts. T. gallinae, for instance, a common pathogen of pigeons, 
can establish itself in chickens, turkeys, hawks, parakeets, and sparrows, 
and T. Iiominis can be established in monkeys, cats, and rats. 

Trichomonads are more finicky about their habitats in the body than 
they are about their hosts. T. Iiominis and T. gallinarum inhabit 
the lower alimentary canal; T. gallinae the throat, esophagus, and crop; 
T. tenax, canistomae, and eqtiibuccalis the gums about the roots of the 
teeth; T. vaginalis the vagina and prostate; and T. foetus the vagina 
and uterus of cows and the preputial cavity of bulls. One three- 
flagellated species, T. faeealis. recovered repeatedly from the feces of 
a single human being, grew in fecal and hay infusions and was success¬ 
fully established in frogs and tadpoles. Wenrich suspects that tins 
species may be identical with T. batraclionim of Amphibia. 

Trichomonads vary in pathogenicity from the harmless coprozoic 
form T. faeealis to highly pathogenic species like /'. foetus and 7 gal¬ 
linae (see pp. 95-96). Fortunately the pathogenicity of the species 
found in man is relatively low. 

There has been much dispute as to whether the three species in man 
-vaginalis, hominis. and tenax -are distinct species, but it is now 
definitely established that they are. since they differ in both morphology 
and physiology, and arc not transferable from one habitat to another. 
T. vaginalis and T. tenax resemble each other more than they resemble 
T. Iiominis, but 7\ tenax will not grow in culture media in which 

T. vaginalis flourishes. ... . . 

Miss Bonestell in 1936 succeeded, as have others, n. establishing 
T. hominis, but not vaginalis or Umax, in the large intestines of kittens 
and she could establish Umax, hut not the others, in the mouths ol 
kittens T. vaginalis has not been established elsewhere than in the 
human vagina, probably because here alone it finds suitably high 
acidity (pH 4 to 5). 

Biology. Trichomonads swim with a characteristic wobbly or roll- 
ing motion; sometimes they use their flagella to whirl their bodies about 
while anchored to a bit of debris by the axostyle. In worming then 
way through devious passages they can squeeze their bodies especially 
the fore part, into distorted shapes. The intestinal forms feed exten¬ 
sively on bacteria and debris, but the vaginal and buccal forms taken 
from their natural environment seldom contain any solid food except 
leucocytes or their remains, although in cultures they contain bacteria. 
All species feed in part by absorption of dissolved substances, since 
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they can be grown in liquid media containing serum without accom¬ 
panying bacteria. Johnson, Tmsscl, and Jahn (1945) were the first to 
succeed in obtaining bacteria-free cultures of T. vaginalis, which they 
did with the help of penicillin. 

Multiplication is by simple fission, but when it is rapid the division 
of the cytoplasm may fail to keep pace with growth and nuclear divi¬ 
sion, so that large multinucleate bodies are occasionally formed. No 
sexual phenomena have been observed. 

No evidence exists that any of the species encyst. The trophozoites 
are apparently hardy enough to live outside the body long enough to 
be transferred to new hosts. T. hominis lives in undiminished numbers 


for several hours, and in some individuals for days, in the feces, and 
will survive a day or two in water or milk. Satti and Honigberg 
(1959) reported that T. gallinar can withstand freezing in tap water. 
T. tenax will live for several days in tap water at room temperature; 
in mixed material Stabler et al. found T. tenax, but not T. vaginalis, 
to survive when held at 16 to IS C. for 48 hours before incubating 
at 37 (*. In contrast, Satti and Honigberg (1959), working in the 
junior author's laboratory, found that T. vaginalis will survive at least 
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The nucleus is oval and contains rather scanty chromatin scattered in 
granules. Deep-staining granules are also abundant in the cytoplasm, 
many of them in rows beside the axostyle or along the costa. The 
cytostome is very inconspicuous, and the body contains few food 
vacuoles. The parabasal apparatus is a sausage-shaped, rather faintly 
staining body lying beside the nucleus, and a more slender but deeper- 
staining fibril reaching to near the middle of the body. 

T. vaginalis inhabits the vagina primarily, but also invades Skene s 
glands in the urethra; it is only occasionally found in other parts of 
the female urinogenital system. In males it occurs in the urethra and 
prostate. Repeated reinfection from the sexual partner has frequently 
been found to account for infections in women that seemed refractory 
to treatment. T. vaginalis often grows in abundance in the upper part 
of the vagina around the cervix but seems to show "o tendency to 
invade the uterus as does T. foetus in cattle (see P- 95). It occa¬ 
sionally occurs in the urinary bladder, but care must be taken not o 
confuse it with copro/oic flagellates (see p. 89), which are frequently 

found in carelessly collected or stale urine. 

The presence of T. vaginalis in the vagina is associated with a char- 
acteristk- acid, creamy-white, frothy discharge which may be very 
abundant and which to the experienced eye is usually sufficient for a 
diagnosis of the infection. The discharge often persists for months or 
years The vulva becomes red and chafed, and the mucosa of 
y 1 rprvix is congested, with a deep red mottling. Some 

vagina and jtcllj ((r irritali „„ in the genital region. 

Cm n^eTm to ha^e no s mpi other than the discharge. That 
THcZZnas is actually the cause of these symptoms has been proved 
by Ccltion with bacteria-frec cultures of 29 women; 9 became in¬ 
fected and 7 showed symptoms after incubation periods o 5 to 20 
days According to Moore and Simpson (1956) emotional disturb¬ 
ance' may be an important complicating factor in T. vagnu,Its infec- 

,i0 Bhnd Wenrich and Goldstein in a series of 250 cases found a signifi- 
r morbidity rate in childbirth in infected than in uninfected 
can y h . pregnant women with obvious infections 

PC Kamaky belieyes that T. vaginalis infections are associated with a 

i i ^ • i f f f th<» vacina along with a thinner epithelium and k ss 
lowered acidity of the acidity „f the mature human 

glycogen in the ce k The nom ^ ^ <)f Do(k . rlein 

SS w£ are 'probably identical with Bacillus acUlo P „i,us. The 
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vagina, however, is not highly acid in children. Since T. vaginalis does 
not thrive in a normally acid vagina, treatment involves efforts to 
restore the acidity as well as to kill the organisms. For this purpose 
douches of dilute vinegar, powders containing boric acid, or acid 
creams or jellies have been found useful, and also application of 
lactose to stimulate the growth of the acid-producing bacteria, with or 
without cultures of Lactobacillus. Frequently these methods alone are 
sufficient. 


Drugs found useful for killing the trichomonads include the arsenic 
and iodine compounds used against amebas. Argvrol (an organic silver 
compound), or, more recently, the antibiotics Aureomycin and Terra- 
myein. The Terramycin is given in vaginal suppositories with addition 
of parasepts to prevent complicating fungus infections. The other 
drugs, mixed with kaolin or cornstarch, are given as insufflations after 
drying out the vagina, or in gelatin capsules inserted high up. Male 
infections are best treated by Carbarsotie by mouth—0.25 gram three 
times a day for 7 to 10 days—together with urethral instillations of 
1:3000 acriflavinc twice a week. Systemic treatment of vaginal infec¬ 
tions has not proved very successful. 

Trichomonas lenax. This form of Trichomonas (Fig. 10/3) resem¬ 
bles T. vaginalis very closely in most respects, but is smaller, usually 
only 0 to 10 y in length. The nucleus has much more chromatin and 
often stains almost solid black, and the granules in the cytoplasm are 
scattered and less conspicuous. Formerly this was regarded as a rather 
uncommon parasite, but llinshaw, using cultural methods, found it in 
J0 r . >1 the people whom he examined who were above 30 years of 
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Pentatrichomonas) hominis, which usually, if not always, has five 

anterior flagella. ... , T 

T. hominis (Fig. IOC) is easily separable from T. Mg™** J, 
tenax by the fact that the undulating membrane extends the full length 
of the body, the flagellum along its margin continuing free at the pos¬ 
terior end The parabasal apparatus and chromatic granules are not 
usually in evidence. In size this species is intermediate, being com- 

rich in carbohydrates fa\ ore . ‘ . H itcliffe (19°8) con- 

£ “f Sfcsafi 2 

nivorous animals, whereas tlic> ar< aniinu 

also occur in omnivorous ones. T i lr( . e important Triclio- 

Trichomonada m domes i ^ ^ Trichomonas foetus 
moms infections occur and injurious parasite in the 

Sa/lrLro'? SSt-rS-.cntally established in sheep 

which it attacks the ( , is <Wayed conceptions, and other 

uterus, causing abort ' ’ f „ 1S the an i,„als overcome the disease 
damage. After a number of .. . r /(ic<us .| ikl . organism has 

- d 7 r^'Is^i. : n !;:• -e of Pii b„, its relationship to 

recently been doentad clear l v established. Deer are sus- 

bovine trichomoniasis - rendered sterile by an infection. 

ccptible to T. foetus and many be ^ ^ ^ relmli „ infecte d 
Hulls are usually mfee < 1 I in the treatment of bulls 

for life. Morgan m 1<M7 eporte, ^ an( , aftcr several 

with soduim jod.de, but ^ owners arc uncooperative, so other 
injections both the bul • ^ tcs , c d. In Europe considerable 

s^sfkisTta-ndrfthe spraying and injection of the prepuce with 
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3% H 2 0 2 with a wetting agent. Three treatments at weekly intervals 
are said to cure most Trichomonas foetus infections. 

Trichomonas gallinac of young pigeons and other birds (Fig. 11 B) 
attacks the mucous membranes of the throat region and esophagus. 




ctus of cuttle; B. 7\ callinac of 
‘ r Kirby. J. Paru*itd, 1951. B after Stabler, 


they Joed then so 
I he parasites u Us 
chic tens and d v. 


• the liver and pancreas, and causes a con- 
aw hleal hosts for this parasite, since 
mirgitation of pigeon milk" and transfer 
i,K ‘- M*"»y other birds are susceptible, but 
nts .re usually refractory. In an active state the 
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infection causes caseation and necrosis of tissues in the mouth and 
throat and is called “canker.” Birds which do not die continue to 
harbor the organisms for a long time. Stabler (19-17) found a wide 
variation in the virulence of different strains in pigeons and obtained 
a high degree of immunity to severe strains by inoculation with rela¬ 
tively harmless ones. Honigberg and Bead (1960) recently demon¬ 
strated transformation of an avirulent strain of T. gallinac to virulence 
by treating the cells with a cell-free preparation from a virulent 
strain. The transformation was blocked by treatment with DNA-ase. 
suggesting a similarity to bacterial transformations. Enhept.n, a 
nitrothiazole, was shown by Stabler and Mellentin (see Stabler, 19o41 
to be very effective in treatment. 

T. f’allinarum affects the lower digestive tract of galliform birds but 
is especially injurious to turkeys. The parasite affects particularly the 
liver and ceca. It causes droopiness and liquid yellow droppings and 
is often fatal to young turkeys. A 1 : 2000 solution of copper sul ate 
substituted for drinking water for 2 or 3 days is said to be helpful ... 

treatment. ... ». c 

Spindler, Shorb. and Hill (1953) reported that a disease of the nose 

of pigs, called atrophic rhinitis, is due to inlection by a species of 
Trichomonas, but Levine et al. (1954 I as well as other workers have 
not been able to produce the disease by introducing bactcr.a-f.ee 
trichomonads isolated from sick pigs. Another species of Tnchomonas 
lives in the ileocecal region of the intestine of pigs. 


Chilonuittix mesnili 

This organism, often confused with Trichomonas by careless observ¬ 
ers, inhabits the large intestine of about 3 to 10,, or m ° r * " 
beings; in Egyptian villages the senior author found 13 /c inf. etc 1 
Closely similar forms are found in all groups of vertebrates They 
are common in both rats and frogs. Ch.lomasl.x (Fig. 12 is an 
uasymmetrical, pear-shaped animal which has its posterior end drawn 
out into a sharply pointed tail. I. vanes m length from 6 t 20 ,, 
but the usual length is 10 to 15 ,. The body ,s less plastic than 

Trichomonas, so there is less variability in shape. It has three s end 
anterior flagella which, like those of Tnchomonas faction s - * 
groups, two of then, lashing back against the left side of the body 
and one against the right. The relatively enormous cy ostome . a 
oval groove half or more the length of the body, the hp of which 
are supported by a complicated system of fibers. Lying m this groo e 
is a fourth flagellum, attached to the left lip by an undulating mem- 
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brane. By its flickering movements this “tongue” wafts food particles 
into the depths of the groove, where they pass into the body to be 
enclosed in food vacuoles, with which the body is often literally 

crammed. The nucleus lies in the fore 




Fig. 12. Cliilonuistix mcsniti. 
Left, trophozoite; riuhl. cvnI. 
x iOOO. (After Bocek, }. Ex,A. 
SM., 1921 .) 


part of the body just behind the free 
flagella. 

The animals do not move as rapidly 
as Trichomonas, but proceed by a sort 
of jerky spiral movement unlike the 
continuous wobbly progression of 
Trichomonas. 

Tlu* ordinary multiplication is by 
simple fission, but sometimes large 
multinucleate forms are produced. 
Unlike Trichomonas , Chilomastix 
forms lemon-shaped cysts, narrower 
at the anterior end. The cysts are 
usually about 7 to 9 /. long; they have 
thin walls except where thickened at 
the anterior end. and the fibers of the 
evtostome, practically unaltered in 


lorm, lie alongside of or overlapping 
the nucleus. Occasionally the nuclei and cytostomal fibers are dupli¬ 
cated m the cysts, which then presumably give rise to two individuals 
n hen they hatch. The cysts aie very resistant and live for months in 
1 room tcmpci itnrc, and for several days in the intestine of flies. 
' ’ " ,ul ,!mf • temperature of 72 C. was necessary to kill them. 
" is I'tth* evidence that Chilomas/ix is pathogenic. Westphal 
• n < Kpctimc nts on himself, found this parasite and also Entcro- 

n ^ i.* fluctuate with the condition of the intestine, and 
• ';«ii presence a result rather than the cause of intestinal 
ih.v may be associated. Cerva and Vetrovska 
1 ' < 19V) i in this country have recently 

'. M ie feasibility that Chilomaslix may be mildly pathogenic. 
; this flagellate is an opportunist, flourishing in the 
• intestinal disease but incapable of initiating it. 




, , .- . I V once known as Lamhlia. contains flagellates which 

a T Tu a ‘ ' b ! t ! n * ,,u,,,h ‘‘ r of ua > s They* are odd-looking creatures, 
worm have their nuclei and other organelles reduplicated like closely 
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bound Siamese twins. They inhabit the upper part of the small intes¬ 
tine instead of the large intestine favored by all the other intestinal 
Protozoa; they attach themselves to the surface of the mucosal cells 
where they presumably absorb nourishment directly from the host. 
They have such close specificity that one recent writer on them (Ansari, 
1952) thinks that when one species is found in more than one kind of 
animal, it is only because it was a parasite of a common ancestor from 
which the present-das' hosts evolved, the parasites having undergone 
evolution more slowly than the hosts. They are the only mtestmal 
Protozoa which cannot be cultured in artificial media. The\ inhabit 
the intestines of all kinds of vertebrates from fish to man; Ansari 
(1952) listed 38 named and described species, as well as 8 or It) 
others noncommittally referred to as "Giardia sp. 

The species found in man. usually called C. land,!,a by American 
writers and G. intestinalis in Europe, is also reported from both Old 
and New World monkeys. It is hard to go along with Ansar, s idea 
that this single species has failed to undergo any evolutionary change 
since the millions of years ago when these groups of Primates began 
their evolution, so we must assume either that the monkey strains are 

not actually identical with the hum..« that the Parasites 

enough adaptability to pass from one Primate species to a . he 
Haiba (1956) reported the transmission of Giardui from humans 

tK- »■ ap,™,.. - is a fantastic little anm.ak 
It is bilaterally symmetrical, with two nude, analogous to a pair 
ChilomaslixMVc flagellates fused together ... the middle A 

giardia trophozoite gives the impress,.... of a w.zeni. monkey fact 
looking up a, you. The outline of the body ,s st,ik.ngK l.kc that » 
a tennis racket without the handle, n s.de view -t —l ap. ' , 
pear split lengthwise in two parts, with the Ha surface '-' the broa 
par. gouged out as a large concave sucking disc, with sl.ghdy r.us 
margins. The finely tapering posterior end ,s usually turned up over 
the convex back. There are eight flagella, arranged as shown 
Fig 13 They may be thought of as corresponding more or less to 

1 ,g - ,ney ; „ 1IK , | )eart i The body is 8 to 16 ,, in length 
eyebrows, moustaches, and m am. ■ ' , - T , 

by 5 to 12 ^ in width, the mean being about 1- by 8.5 lh r 
appear to be two races which differ in s.ze and ... shape of the 

Pa The S t i io b m!clei have large central endosomes. between then, arc- 
two slender rods, the axostyles. to which the nuclei are anchored by 
slender fibrils. There is a complicated system of basal gran ,I s and 
fibrils connecting with the flagella and the rods supporting the suck 
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mg disc, as shown in Fig. 13A. The cysts (Fig. 13C) are thick-walled 
and oval and about 8 to 14 p in length, commonly about 10 /*. 
Incomplete division takes place in the cyst; when mature the cyst 
usually contains 4 nuclei, either clustered at one end or lying in pairs 
at opposite poles, and it also shows deep-staining axostyles and 
fibrils lying diagonally in the cyst, and 2 or 4 curved bodies. 

Biology. As already noted, Giardia makes its home in the small 
intestine, especially in the duodenum, occasionally invading bile ducts, 
etc. It frequently develops in the large intestine in dogs infected 



>3 Giurdia '</ n>blia . A. face view of trophozoite; R, semiprofile view; 
’ ■ ’ P , ; " * tw»phnottt resting on epithelial cell. A t B, and C, x3000; 

• Im. /. ffyg.. 1921; R and D. after Grassi and 

:>chcwi kT«I. ?• chr. \Vb\ciuuh. Zoo/.. 18SS; C, original.) 
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I'cm-er, 1 mover, fouml giardias of both rat and 
to i. . i i-/e only in the upper part of the small intestine 
*. ‘!»ul they were attracted by bile salts. Although 
a i-d !ii people of all ages, they are commoner 
villages, where there is constant exposure 
v • ^4) tound this parasite in 16% of people 
below the age of pubc ny and only ;V , of those above. On the other 
hand, Rendtorff (195-1) was able to infect 100'; of adult men in the 
United States when 100 or n-.ore cysts were fed, although most of the 
infections were very light, and all ol them disappeared spontaneously, 
usually within 1 to 6 weeks. A possible explanation for these ap- 


in children. in 1 t 
to infection. ( 
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parently discordant results is that the parasites stimulate some degree 
of resistance; this allows new infections to become established only 
infrequently when there is constant exposure, but otherwise it u ears 
off and allows new infections to develop which last until the resistance 

15 in* Hfe U these grotesque little creatures fasten themselves by their 
hollow faces to the convex surfaces of epithelia! cells m the smaU mgs- 

sums 

5KS£ 

in considerable numbers. Th * t)le abundant 

appear to dissolve t,sue crilb; g* ^ „ varicty 

secretion of njucuswh.ch tl subs , ances wh icl, are constantly 

of amino acids, vitamins, anti ou 1950). 

passing in and out of Uv0 in a plane parallel with 

Multiplication occur »'y dn.smn « fjsMon occu[s as in „,her 

the broad surfaces and o _ > fonned int ermittcntly; enormous 

intestinal flagellates. Th y t ^ thc|) |lono for several days, 
numbers may be found on > ^ 0c . c . asjona Uy fecal examina- 

when a shower of them ag II in the duodenum 

<»" *> 7“' "X 0 ^ tm'fo for 10 rfov. or 

m large numbers. The cy ^ of ro;lcht . s . The parasite is a 

— - .. . ^ 

“ tsssss. 

of Giardia. Veghely. in -J* [ ()f fats from the intestine by the 

ence with absorption par > js obvioU s that this might 

layer of parasites adhering hrl o( t | le fat-soluble ones. The 

lead to vitamin deficiencn- . I ^ Jn „ u . s(ools causes a 

presence of large often with large amounts of yellow 

persistent or recurring • „ 10se of disease, sprue 

mucus. The symptoms i y pa j ns vagU e abdominal 

or chronic gall bladdei_ «*®» • ,^ dache and diarrhea alternating 
discomfort, loss of appeti • P‘ • ’ llergjc dermatitis sometimes 
with constipation ^ common. ^ „ „„ ,. v ident symp- 

occurs. In many cases, on 
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toms. Occasionally the parasites are found in the bile ducts and even 
in the gall bladder. It is possible that they may cause some irritation 
in the bile ducts and predispose them to chronic infection, but the 
evidence for this is inconclusive. I 

Giardia infections are very susceptible to the anti-malarial drugs, 
atebrin, Chloroquin, and Camoquin, given at the rate of 0.1 to 0.2 
gram three times a day for about 5 days. Cysts cease to be passed 
after the second or third day. One Ciare/ia-infected young man 
whom the senior writer treated with atebrin was extremely ill, had 
had no appetite for weeks, and was very emaciated. After treatment 
he recovered his appetite within 24 hours, gained several pounds a 
week, and was restored to normal health in a month. Patients tend 
to benefit from administration of fat soluble vitamins, particularly 
vitamin A. 


Ollier Intestinal Flagellates 

A few other flagellates may be residents of the human intestine, but 
they are relatively rare and of little importance. 

Keloriamonas .’«/«/,nn/i,. This little slipper-shaped animal, for¬ 
merly called Embiulomonas MestimUs, though rare, has been found 
""'"y l ,ar ‘ s of " ,e world. The fact that members of the same genus 



I'.tfib'itlanmnas) intestinal is, trophozoite 
IrhCfinonus) intestlnalis. >3000. (Af- 


"X 1 " . . :.i' ; "l ,,afie ones, and in frogs and 

win, I i " “ ' ! ,1< "°" S ° f ' nan aml other mammals in 

Inxvirnr , r ' 1 ' " , " 1 P crha l» '>«• derived from the swat- 

r V , l "" ,.:. . ° r a< ' ua,k - si>-ios With water. Its 

rar,t> males <lo„l, it „| ;|,.,r i( is normally a human parasite. It is 

T one ‘ "t l0 " y 5 U ‘ 4 •“ l>re adth: i, has two flagella, 

n-i Hv 'in l' . i"‘ r 0 '"' ■"' <l a short or. thicker one which lies 

partly ,n the large elongated cytostome. the borders of which have 
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supporting fibers (Fig. 1-LA and B). The nucleus is anterior imposi¬ 
tion The cysts are whitish, opalescent, pear-shaped bodies, 4.0 to 6 
or 7 fi long when living. When stained they show what appears to 
be the endosome of the nucleus, sometimes dumbbell-shaped, and 
fibers which Wenyon interprets as the marginal fibers of the cytostome. 

Faust described another species. R. sinensis, from China; it is larger 
and is said to have the two flagella alike, but Wenyon believes it to be 
identical with R. inlestinalis. It was found in nine cases with diarrheic 
stools, and was again reported from two cases in China by Watt in 
1933 It has been successfully cultivated, and seems to be a valid 


En.eromonas I,on,inis. This flagellate (Fig. UC and D) which 

is believed by Dobell to be identical with another flagellate reported 

from man, Tricerconwnas intcsiinaUs, is an extreme* small ova or 

i . i in >< lone bv 3 to 6 /* hroau. 
pear-shaped organism, 4 to tu / . 

flattened on one side, where a flagellum is attached un.1 ■^become 
free at the posterior end. There is also a cluster of three anterior 
flagella. Small oval cysts 6 to 8 M long are formed which have wdl- 
developed cyst walls, giving them a double outline, and one to four 
„3 visible only when stained. In cysts with two or four nuele 
"hese are arranged at opposite ends. The parasite has been reported 
from many parts of the world, but is usually considered rare. In an 

SStats* '■ ***** ***•• 

sometimes persist only for a short time. 


Intestinal Flagellates of Donn stie Animal. 

))f vertebrate animals are probably parasitized 
I A th °" n ' „f Inecies of flagellates, pathogenic effects are produced 
!’n y only"" few cases. Certain species of Trichomonas (sec pp. 95-96) 
are exceptions. Ciardia has been reported as sometimes causing severe 

damage to rabbits ^ Lc 

lions" 1 Other' 5 important flagellates are Uisiomonas meteo^is and 

llexamila spp. important parasite of galliform 

H wTT'TsA infectious entcrohepatitis or "blackhead” 

Srk'eyf fftid io ^ the ceca and the liver, and occasionally 





F! ’*- i 5. A-D, Histomonus mclcapridis: 

* :r ' with one flagellum and 
lii-nl. li, 1 11 nii ii form with 

i i, C. Ilcxamita mctcagrulis; 
• t .« turkey with the character- 
>! histomoniasis; E, section 
\ r legion showing the tissue 
oi Ili'tomonas. (A and 13, 
- r. Pr Am. Acad. Arts Set, 

: C •»<! /). after Lapage, Yet. 

i . after McNeil, Hin- 
h.u. and Kjfoid, Am. J. Hue., 34, 
1911.) 
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in the kidney and spleen. It is an ameboid organism 8 to 10 h in 
diameter, with a small eccentric nucleus with a blepharoplast on or 
near the nuclear membrane. From this arise one to four flagella in 
the intestinal forms, often, however, not extending beyond the ee l 
wall. Organisms in the tissues have no flagella. The organism fails 
to produce cysts and lives for a very short time when passed in the 
droppings, which do not cause infection when swallowed. The 
organism has, however, a very clever means of transfer to a new hos 
by becoming enclosed inside the egg shells of cecal worm* Helerahs 
(see p. 459). When embryonatcd eggs of Helerahs are fed to turktj 
poults a high mortality from blackhead results. In nature, turkeys are 
infected by worm eggs passed from healthy chicken carriers this . 
the principal reason why it is usually disastrous to try to raise chickens 
and turkeys togeher. The disease can be induced experimenta l b> 
rectal injection 8 of infected material; the ccca are first attacked and 
then the parasite migrates to the liver by way of the blood stream 

STood afoil is a highly effective prophylactic, and is curative 

„ o.i% («. H ““" A s n ",^d.1» v..i- 

JSST Ty .rl ote 0, L elongated dagellate, M 

Intertor nnclei font anterior Hagella 1» and two "«■ arise 

Silly M pass posteriorly throng., the Mr 
poster,., end (Fig- 

only temporary infections in chickens and ducks. 


INTESTINAL CILIATES 

*» -he IntesHna, eilia-es .1 

many species Opalinidae. which belong in 

the subclass Protociliatia. 

The Euciliatia are classified as follows. 

_ , , „ . , . . ida No adoral zone of flattened cilia or mem- 

. and many eoprozoic ciliates. hu, no para- 

Sit Or^-r h f C W V iroSda. Adoral zone of membranelles winding clock- 
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wise to cytostome, the peristome (mouth region) not protruded. Two 
suborders contain parasites of vertebrates: Heterotrichina, with body 
covered with cilia, includes Balantidium * Oligotrichina, with body non- 
ciliated, but with adoral and other zones of membranelles, includes numer¬ 
ous species in stomach of ruminants and colon of horses. 

Order 3. Chonotrichida. Like order 2, but peristome protruding like 
a funnel. No vertebrate parasites. 

Order 4. Peritrichida. Body not entirely ciliated; anterior region 
disclike with counterclockwise adoral zone of membranelles. Example, 
Vorticella. None parasitic in vertebrates. 


The stomachs of ruminants and the large intestine of horses harbor 
numerous species of commensal abates belonging to the suborder 
Oligotrichina. They may play some part in the digestion of cellulose 
in these animals. One of the species from ruminants is shown in Fig. 1. 

Balantidium coli. This is a parasite of the large intestine of man, 
monkeys, and pigs. A parasite in rats identical with B. coli was 
reported from Moscow; and rats and guinea pigs can be experimentally 
infected. McDonald, in 1922. I relieved that the pig harbors another 
spec ies, a B. suit, which is not infective for man, but Hegner, in 1934, 
doubted this. 
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It is shaped like an egg or pear, and has at the anterior end an 
obliquely arranged depression, the peristome, which may appear " ide 
open or slitlike, and in the bottom of which is the cytostome. The 
whole body is covered with fine cilia arranged in rows, with a special 
row of longer “adoral” cilia surrounding the peristome. The mac¬ 
ronucleus is only very slightly curved, usually with a slight concavity 
on either side. It usually lies obliquely near the middle of the body 
and is about two-fifths the length of the bod> The micronucleus is 
very small and inconspicuous. There are two contract! e vacuo es. 
and food vacuoles circulate in the endoplasm, lake other ciliates. 
Balantidium divides by transverse fission, a new cytostome being 

formed by the posterior daughter. 

A process of conjugation occurs, similar in its general ea ures to 
that of Paramecium. Tl.ick-walled cysts are formed ... winch sing e 
individuals are usually enclosed. Slow-moving cl,a are at first v,sib 
on encysted ciliates. but later all structures except the nuclei and some¬ 
times one or more retractile bodies disappear. No multiplication takes 

^pTgs'lreusSy regarded as important souices of hiunan infe^iom 
Such infections arerather ^ 

diarrhea, among 142 insane hospital patients -unned m Son h 
Carolina Amon« 30(H) Puerto Hicans in New Wk. -0 cases ucn 
found (Shookhoff, 1951) whereas in Puerto 

.1 . • ' •, or *i ir . on <ascs in New York. all in children, is naa 

a history of contact with pigs. Apparently large or r 

7 ■ i is necessary for human infection, ior 

r ,,n r r 

iZL experimentally in 1™ ".®ers. W mnenla am •!» 

necessary to iW fmmm , ,l„u B h in pij. 

In man B. col, is known f cause uk ,. ra tion of the large 

it appears to be hannlesv a wa|ls; thl . tolon is sometimes 

intestine and "'V' 1 ' 1 '' ‘ Nt . vertlielcss , ,he majority of cases suller 
ulcerated from end •" • N^ at a ll : only a small 

only from diarrhea and m l J In t | lt . 2 0 Puerto Hican 

cases in Nt . ma ny people in the tropics consider 

part ■>, life. a. indeed „ is ... 

constitutes normality. Iu , rus havc „„ rare occasions been 

but « * prolsab'y coprophagous (see 
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Wichterman, 1938). Like amebas and flagellates, coprozoic ciliates 
are common and have misled more than one parasitologist. 

Balantidium infections have been treated with varying success with 
some anti-amebic drugs, particularly Carbarsone, but there is now 
evidence that Aureomycin and Terramycin are very effective. These 
antibiotics are given for 10 to 15 days, the total dosage being from 
7 to 28 grams. The ciliates disappear within 2 to 4 days, and no 
relapses occur for at least 2 weeks or so after treatment. 
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Chapter 0 

HEMOFLAGELLATES 
I. LEISHMANIA and LEISHMANIASIS 


The Trypanosoniidae 

The term "hemoflagellates" is used for those flagellates which habitu- 
ally live in the blood or tissues of man or other animals. There an 
only two kinds of these which occur in man, namely, the lo.shman 
bodies, belonging to the genus Lcisl,mania, and the trypanosomes, 
belonging to the genus Tnj,H,nosoma. These two *p« of orgamsnv.; 
however, are only two of a number of genera winch a I belong. to <m 
family. Trypanosomidae. in the order Frotomast.g.da (see p. Mi- 
Other members of the family occur as gut paras,tes of ...sects or hzards, 
and still others as parasites of plants Since both the 'emo age la.es 
and the plant parasites undergo cycles of developn.ent m the gu o 
insects, it is safe to presume that this cut,re group of flagellates ns as 
originally and primitively parasitic the gut of ...sects 

Four distinct morphological types of these paras,tes arc found m 

the bodies of insects: 

1 The leptomonas type (Fig. 17A). This is the most primitive 

type in which the body is more or less el,jugate or pear shaped: ,( 

t i M » C i.i,tcr a kinetoplast near the anterior end, 
contains a nucteu. “ m which iirisl , from a basal granule 

£it££3 « *•— w- - 

somidae may bediffers in that the flagellum 

in front of the nucleus and is connected w.th the body, up to tlu 
anterior end. by an undulati,* the killl ,op,as, has 

moved far behind the nucleus to a point near the posterior end of the 

IN 
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body, and the flagellum is attached to the body for most of its length, 
with or without an undulating membrane. 

4. The leishmania type (Fig. 17D). This is a rounded-up form 
which contains a nucleus and a kinetoplast, but is entirely devoid of 

a flagellum. Any of the other three 
types may assume this form and, 
conversely, may be developed out 
of it. 

Any or all of these forms may 
occur in the digestive tracts of 
insects, but only the leishmania and 
trypanosome forms occur in the 
blood of vertebrates. 

The fact that some flagellates 
never develop farther than the lepto- 
monas form, and others never, so far 
as known at present, farther than 
the crithidia form, whereas the tryp¬ 
anosomes go through all the stages, 
makes a study of this group of flagellates very confusing. When a 
leptomonas or crithidia type is found in an insect gut. it is impossible 
to say, without further investigation, whether it is an adult animal 
which never undergoes any further development or is only a develop¬ 
mental phase ol a trypanosome of a vertebrate animal. A number of 
crilhidias which were supposed to be purely insect parasites with no 
trypanosome stage have been found to develop into trypanosomes in 
the blood ol certain vertebrates, so it may be that most of the crithidias 
are really developmental stages ol these parasites. 

1 he '1 ryp.uiosoinidae are divided into a number of genera on the 
basis of the morpholojc-.il forms they assume and on whether they 
»r< transmissible t*» voitebrate animals or to plants. The following 
genera are usually recognized: 





(§) 


Fig. 17. Diagram of forms assumed 
by Trypanosomidue cither as adults 
or as dcvelopmrnt.il forms. .\. Lcp- 
tomoiias; II, Crithidia: C, Trypano¬ 
soma; D, Leishmania. (After NVen- 
yon, Protozoology, 1020.) 


I. Genu- L< pconuniii.*. Species having only leptomonas and leishmania 

stag* nd confined to invertebrate hosts. They are common in various 

'"'•I 1,1 I at .in -1 «!iilu ol liras, various Diplera, and other insects. 

I*!°> l* vc **i the hi.-u!_ur. where they attach themselves to the epithelial 
■ ■' by tin n flagellar ends, die free flagella being very short or lacking 
‘ Fig- lb'- fdtrn they occur in loscttes of dozens of individuals. They 
produce u sisi ml < yst-likc forms resembling ordinary leishmania forms but 
apparently protected bv evsl walls. 

2 Genus l.rishrnnniti. Species having only leptomonas and leishmania 
stages, but transmissible to vertebrates. Unlike l a i>tomonas, they develop 
mainly in the stomach and foregut. and form no resistant cvstlike bodies. 
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of insects, and cystlike forms arc not found in the feces. 



Fig. 18. Longitudinal section 
lining the hindgut. x HO. 


4. Genus Cn.HUUa. Strictly insect P-j- 
r e tceTite h ‘ht«. S,: A^cd. many of these have proved to be develop- 

mental stages of trypanosomes. , paras itcs having leptomonas. 

5. Genus llerpelomonai. Mr' . ^ whk .|, ,| lt . kinctoplast 

leishmania. and crith | , ^ l f a .^b^iy as in trypanosomes, but with the flagellum 
is at the posterior end of the 1» 'L b.st instead of being attached to an 

passing along the body l'k , r K1I „ )wm cs. Cystlike forms are pro- 

undulating membrane as in true tr>i 

duccd in the feces of the host. known species. E. schaudinni, 

6. Genus Endolry/mnum. A single P^ ^ ^ ^ slolhs . L ep- 

occurring as an intracellul. P- • ^ known but the developmental stages 

tomonas and trypanosom observed in the vertebrate host. 

are not. Cell divis.on has not been oh^ through all the stages of 

7. Genus Schi,oW~n»*. ^ f nvertcbrate , 10s .s In the 

vcrtebrat^'nondividhig 1 ^^J^i^j^bey^nulbidy'bi th<: Idndgut like tyidejd 

,o vcruwe is u,o,,8,,t 

to occur by contamination r.i * w j ljc h | iave both vertebrate and in- 

8. Genus TrypanoBoma. a „ stagcs Q f development in the 

C£,''E £ “i £ ■"" D 
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opment may take place in the anterior or posterior gut of the invertebrate 
and the trypanosome stage in the vertebrate reproduces by simple fission. 

In the tissues of mammals parasites of the genus Leishmania invade 
cells and multiply in them, particularly cells of the reticulo-endothelial 
system in the skin, mucosa, lymph nodes, spleen, liver, bone marrow, 
etc. They are taken up by leucocytes, especially large mononuclears, 
and thus enter the blood stream. They are very small, round or oval 
bodies, usually about 1.5 to 4 n in diameter, possessing a round nucleus 




19. 


Section of human spleen showing numerous Irishman bodies in the 
7o0. (Al'er N.ittun-Larricr. from Wcnyon, Protozoology, 1926.) 


and a dol-or rod-shaped kinetoplast which stain well with Giemsa or 
iv!a*ed ''tarn; i big. 19). Torpedo-shaped forms arc sometimes seen. 
Insult' the ec-IK ihc organisms multiply by simple fission, producing 
: " u, ‘ ' TSoi 50 ' 200 parasites, which distend and finally rupture 
,u ‘ N1,hn :-' die minute parasites free to invade, or be taken up 

i 1 . oilier cells. I hi-> may also pass from cell to cell along protoplasmic 
processes. This parasiti/ation of cells of the reticulo-endothelial sys¬ 
tem is an interesting reversal of the usual course of events. The 
parasites are probably picked up by these cells with phagocytic intent, 
hut instead of being dieted they grow and multiply, and ultimately 
destroy the would-be destroyer. 

(adturaI forms. I be parasites develop readily in cultures contain¬ 
ing blood when kept at room temperatures. In such cultures they 
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, flmcllated leptomonas forms (hig. 201. • > 1»- 

transfonn into act.s . Hag , (> ,,, long alld 1.5 to 3.5 , broad, 

cally these are spindle shaj . The round or 

The flagellum I. » •« ■. IW 

oval nucleus is near tlu ^ ^ vjsk)n is l)y longitudinal 

lies transversely near the ^ d ,. vl .|„ p . 1„ young cultures many 

fission; sometimesroset ■ found , but longer and more 

stumpy, pear-shaped, or « 

slender forms pr^nnnateUer. ^ ^ illgcstcd by 

Development ^ undcrgo development into leptomonas 

certain insects „ |ires and may produce leishmania forms 

forms just as they do observed by l’atton in India ( 1907) 

,'SU. This This ..I.;- 

to occur ... bedbugs *«» in vestigators on a false trail in search 

nate discovery, since ^ s art^ im, 8 ^ ^ { y „ aI , of 

^" S "er Of fact- few problems in parasitology have 
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caused more fruitless effort, more blasted hopes, more false conclu¬ 
sions, or more unfounded speculation than the transmission of leish¬ 
maniasis; it was not until 1942 that the final piece was fitted into the 
puzzle. Shortt and his colleagues of the Indian Kala-azar Commission 
finally concluded, in 1925, that the bedbug had nothing to do with the 
transmission in spite of development of the flagellates in its gut, as any 
careful observer of the epidemiology might have guessed. In the 
Mediterranean region fleas were strongly suspected since they fed on 
infected dogs and were found to harbor leptomonads; these were 
finally shown to be species of Leptomonas peculiar to the fleas, and 
the case against fleas as transmitters of leishmaniasis was thrown out 
of court by Nicolle and Anderson in 1924. 

In 1921 a Kala-azar Inquiry was set up in Calcutta, and in 1924 a 
Kala-azar Commission began work in Assam. Guided by an observa¬ 
tion of Sinton’s that the distribution of Phlcbotomus argentipes in 
India coincides closely with that of kala-azar, Knowles, Napier, and 
Smith found epidemiological reasons for suspecting this sandfly as a 
transmitter in Calcutta. In the same year, 1924, they made the impor¬ 
tant discovery that a high percentage of these flies became infected 
when fed on kala-azar cases. This was quickly corroborated by Chris¬ 
tophers, Shortt. and Harraud in Assam, and soon thereafter many 
important details were added concerning the development of the flagel¬ 
lates in the sandfly, including demonstration of occasional massive 
infections of the pharynx and proboscis. 

Then followed years of patient but largely fruitless effort to prove 


actual transmission by sandflies. In the course of hundreds of trials, 
only four successful infections were obtained, all in hamsters; trans¬ 
mission to human volunteers always failed. In 1939 Smith, Haider, 
and \otued m\!e the interesting discovery that if sandflies, after an 
infective meal w ere fed on raisins instead of additional blood meals, 
the flagellate. frequently grew so numerous that they blocked the 
pharyrA as do plague germs in fleas (Fig. 21). These authors then 
subjected live hamsters to bites of flies fed on raisins after their infec¬ 
tive blood i.ioai. every one developed kala-azar: of five others fed 
• n by flic* g-Vcn repeat, I blood meals, at least four failed to become 
infected (o-.ie • •siaptd). In confirmation of this remarkable result. 


Swainir.ahi, Shortt a«id Anderson (1942) then succeeded in infecting 
each one of fixe human volunteers in Assam. Thus to a successful end 
came 20 years of pa lienee, perseverance, labor and ingenuity. 

This work, taken in conjunction with the epidemiology and the suc¬ 
cess of experimental infection of sandflies in various parts of the world, 
leaves no fuither doubt that sandflies are an important factor in the 
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transmission of all forms of leishmaniasis, although other methods are 

also possible, e.g., by excretions of infected indw.Juab 

and by means of flies in the cutaneous forms of the d.sease. 



fl , Cut of -f • 

(shidcd area) by , h i„dg„,; m.g.. midgut; m.t. Malpiglnan 

esophageal diverticulum, h head. y </ saUvary duct; *.«/.. salivary 

££ 'iXSAK «>■ 

t„... of ss 

to WO goooral ” „ H ; U . „„Jitkto, exist. Visceral leish- 

types of each and ml ^ am , often f ula | disease, accom- 

maniasis, or kala-a/ur is■‘ J’ „ of s pleen and liver. Cutaneous 

panied by few jjjjj ; lievelopmcnt of one or more local sores, 
leishmaniasis .s unite liwl sym ptoms. These sores may be 

usually without lever U al ^ of , llt , 0 | ( 1 World, or may 

confined to the ° of the n „ se and mouth, as in espundia 

spread This mucocutaneous form of the disease is 

iESt'S by r—«- — arc in,crmedia,c m mvas,ve 

P° wer - , ,. ,, . to rccocni/e only two distinct species of Leish- 
It is probably beat to ^ varj()lls viscera l forms of the disease; 

mania: L. tlonovam, c h varjous tuta „cm.s and mucocutaneous 
and L. tropica- causi g recognized, based on clinical 

forms, of which m«l possil)ly thc vec tors are different 

manifestations (see <> * mucocu taneous form of the disease 

also. The parasite someUmes rcc ognized as a distinct species 
in Brazil (espundia) ^ intermediate forms between tins and 

brasiliensis, but sine ^ considered subspecies, as suggested by 
typical L. fropitfl, a excellent review of the subject. Thc 
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logical differences, nor do they show clear-cut differences in their 
pathogenicity for laboratory animals. 

Of visceral leishmaniasis or kala-azar, Biagi (1953) recognizes five 
types: (1) Chinese, with some preference for children; affects dogs, 
and is transmitted by Phlebotomus chinensis and P. scrgenti; (2) 
Indian, occurring chiefly in adults, does not attack dogs, and is trans- 



Flg. 22. Oriental sore on arm. (From Army Institute of Pathology, photograph 
79107.) 


milted by P. argentine*: (3) Mediterranean, almost confined to chil¬ 
dren. with dogs important reservoir; transmitted by P. pcrniciostis, 
P. major, ami P. hn^ienspis: ( I) Sudanese, characterized by frequent 
ora! lesions and by unusual refractoriness to antimony treatment; and 
' South \nioi stacking all ages, with reservoir in wild and 
domestic dogs ... to s P. intermedins and P. longlpalpis. 

In the Old World here are two forms of cutaneous leishmaniasis, 
the parasites ol wbiib the hnssians have designated as L. tropica minor 
11,1(1 7 '• ' respectively: I) Classical Oriental sore, caused by 

1 ■ t. minor . common from the Mediterranean to central and northern 
India; produces circtu ribed -dry- sores (Fig. 22), with abundant 
parasites in them: incubation several months; subject to spontaneous 
erne, no metast .tic lesions, and no mucous membrane involvement; 
involvement of lymph glands in 10 ';, dogs susceptible; urban; trans¬ 
mitted by P. pnpmnsi ff, P. scrgenti, P. perfiliewi (in Italy) and P. 
lonsLicuspis < in \lgcri»). (2) “Wet” sores, caused by /. major, with 
a short incubation ot I fro f> weeks; sores quick to ulcerate; lymph 
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glands commonly involved; no cross-immunity with Oriental sore; 
rural with reservoir in wild rodents (gerbils and ground squirrels), 
and transmitted by P. caucasicus, which lives in the burrows of these 

rodents. ... 

In tropical America, Biagi recognizes four types of cutaneous leish¬ 
maniasis as follows: (1) Mucocutaneous (Fig. 23A) in ram forests ot 
Brazil; spreading, chronic, cutaneous lesions, tending to invade mucous 



F|n. 23. American leishmaniasis. A. n case ot the muco. utaneo, s ton . fro 
lt,a,il (PI,ot«B.apl. supplied ■» l>- Ncry-Cmmaracs. > II. elm cm ,1 c. ol 
the car; a case ol moderate duration as commonly seen in southern Mov.ro. 
(Photograph supplied by Dr. F. lhagi.) 


membranes cither by extension or (more often) by metastasis; much 
destruction of tissue; parasites relatively scarce ... les.ons, and deep, 
spontaneous recovery rare; lymph gland involvement ."frequent. -) 
Uta, in mountains of Peru; small, numerous skm les.ons, causing l.ttle 
destruction of tissue; benign. (3) Uisl.maniasis or buba or pun. 
bois" of Panama, Costa Bica. and the Cu.anas, show.ng moderate 
ulceration tending to spontaneous cure after a few years cxccp wlu-n 
in the nose; mucous membrane lesions in 5'/,. always by extern.,,,, 
and not metastascs; lymph gland involvement n. 10,,. Floch | .W) 
proposed the subspecies name "guirir.cr.sjs for this variety and con¬ 
sidered the parasite of uta in Peru to In- the same. (4) Cluclcro nice, 
of Guatemala, Belize, and southeastern Mexico, characterized by small, 
nondestructive skin lesions which get well in a few weeks or months 
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except when on the ear (Fig. 23B), for which the parasites have a 
special predilection and where they cause chronic, disfiguring, sub¬ 
cutaneous, nodular ulcers lasting many years; no metastasis to mucous 
membranes, rarely cutaneous metastases, and lymph gland involve¬ 
ment rare (2%); parasites scanty in lesions. For this variety Biagi 
proposed the name L. tropica , subspecies mexicana. In addition to 
these recognizably different clinical forms it is quite possible that 
the classical Old World type of Oriental sore has been established in 
Brazil and accounts for some of the cases which do not involve the 
mucous membranes. The junior author has seen cases in Americans 
in Panama which were indistinguishable from Oriental sore. These 
were most frequently lesions on the forearm or wrist. 

Visceral strains, caused by L. donovani , produce generalized infec¬ 
tions in monkeys, dogs, hamsters, and mice, and sometimes rats, but 
cats, rabbits, and guinea pigs are relatively insusceptible. Cutaneous 
inoculations sometimes produce only local skin sores in monkeys and 
dogs. Cutaneous strains, caused by L. tropica, on the other hand, 
produce only local infections in dogs. cats, monkeys, rats, and guinea 
pigs, whereas in mice they often produce generalized infections, often 
with skin lesions as well. The variety brasiliensis produces visceral 
infections in hamsters, but produces less severe effects in mice, rats, 
and cotton rats. Gciman (1940) found that L. tropica develops 
readily in the chorio-allantoic fluid of a 5- to 9-day-old chick embryo, 
whereas L. brasi/iensis docs not, though the original organisms may 
survive to a second passage. 

The difference between visceral and cutaneous infections seems 
clearly to lx* one of virulence of the parasites. The body defenses, 
except in mice, arc capable of localizing the cutaneous strains of 
l r rsh:nania, thus con(i:;ng them to the skin or testicles where inoc¬ 
ulated, whereas they are unable to exert a similar restraining action 
on the viscera’ str; ins. 


-Leishmania donevan; and Kaia-azar 

Kal i-azar is a disease that is insidious in origin, slow in develop¬ 
ment. and feartul ii • ! 1S90-1900 an epidemic swept Assam 

wln'ch depopulated a In* 1 \ ill «ges and reduced populations over large 
areas. In 1917 another -pi leinic started in Assam and Bengal, reached 
its height about 1923. u.. i then mysteriously subsided until, by 1931, it 
was almost gone, fn l’!>7 a new outbreak began in Bihar. In other 
paits or the world it is less subject to such vacillations. A few decades 
ago hala-azar brought terror and persecution in its path. Today, 
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knowledge of its epidemiology, diagnosis, and treatment has shorn it 

of much of its power for evil. . , . 

In the Old World typical kala-azar occurs in India, particularly in 
Assam, Bengal, and Bihar; in North China; in Turkestan; and in Sudan 
and many other places in tropical Africa; around the Mediterranean 
and in western and middle Asia; ami from Venezuela to northern 

Argentina in South America. . . , , , . 

In kala-azar the parasites are widely distributed in the body but the 
special habitat seems to be the large endothelial cells of blood vessels 
and lymphatics. They are especially abundant in he spleenji , 
and bone marrow, but they are by no means confined ,0 *J SC „ 
They are found both inside and outside of the tissue cells, and are 
present in limited numbers in the circulating blood, usually inside 
monocytes, but occasionally free. 

Kala-azar is usually a house and site infection and for this reason t 
was once thought that the infection spread by contaminated sod 
Although now established that sandflies (Phlebotomy )I (see pp.• 

“irrr ir 

of the disease in the Mediterranean area and m South America are 
ot the disease . he invoked very much in 

— « i. probable ,b., 

frZ ,loe to man is ...ore frequent than from man to man 
mission from log t. rnan^is lcishmaniasis 0 f dogs and 

LT^rrmetTmes infected, and occasionally horses, sheep. 

,rody of bos. ,.«=p«b,llly .nd course rf rf 

I donovani from Sudan in a variety of small mammals. The d.l 
ferences in susceptibility, acquisition of resistance am outcome of 
infection are striking. Staubcrs studies indicate the futility ot prt 
dieting with any confidence the probability of a particular animal 
serving as a host without careful laboratory investigation 

A!) ,he known or suspected transmitters of kala-azar n the Old 

World (see pp. 66S-674) belong to the P. major group of 

flies. These are listed on p. 673. Adler and Theodor suggested that 
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the frequent occurrence of kala-azar in dogs and infants in the 
Mediterranean region, and not in India or China, may be due to the 
fact that the Mediterranean vectors may infect their victims very fre¬ 
quently by direct inoculation into the skin at the time of biting, 
whereas the Indian and Chinese vectors less frequently inoculate the 
parasites by their bites but cause infection by being crushed. Since 
dogs and babies are not so adept at slapping the flies as are adults, 
they escape infection. 

Whether any species of Phlebotomus in the United States can serve 
as transmitters is not yet known, but in 1955 Thorson found L. donovani 
in the United States in a dog imported from an endemic area. 

The disease. In kala-azar the reaction to parasitization of the 
reticulo-endothelial cells in internal organs leads to a great increase 
in their number, especially in the spleen and liver, which may become 
grotesquely enlarged. 

The disease often comes on with symptoms suggestive of typhoid, 
malaria, or dysentery, and may actually be precipitated by these dis¬ 
eases, for there is now evidence that there is a high natural resistance 
to kala-azar and that probably the parasites are held under control in 
many latent infections, and no symptoms appear until resistance is 
lowered. In a case that Adler experimentally infected by inoculation 
of a massive dose of cultured Lrishmania, no symptoms appeared 
over a period of 9 months, although numerous parasites were found 
post-mortem. The incubation period is usually at least several 
months. 

After onset there is an irregular fever with enlargement of spleen 
and liver, rheumatic aches, anemia, and a progressive emaciation. The 
leucocytes are reduced in number, and the skin is often edematous. 
Untreated eases usnad*. die in a few weeks to several years, usually 
from some inlercurre- t disease which the patient cannot fight with his 
macrophage system converted into a laish mania breeding ground. 
Often, in patients who have been treated and have recovered from the 
w stemic disease, whilidi spots develop in the skin and eventually grow 
into nodules the si/e of split peas; they occur mainly on the face and 
neck. I Ins condition is called post-kala-azar dermal leishmanoid. 
Apparently the parasites are able to survive in the skin after the viscera 
have become tot) “hot" h r them. A number of cases of extensive 
lesions in the mouth h ive been seen in the Sudan, in which the para¬ 
sites were found in abundance in the oral lesions, although they could 
not be lonnd in the enlarged liver and spleen. Such cases probably 
represent intermediate conditions of parasite virulence and host resist¬ 
ance between typical kala-azar and cutaneous leishmaniasis. 
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The Mediterranean type of the disease in infants and dogs runs a 
similar course but may be of shorter duration. 

Diagnosis. Although the clinical symptoms are highly suggestive in 
endemic localities, diagnosis should be confirmed either by finding the 
parasites or by serological tests. Puncture of liver, spleen, or lymph 
glands is useful in finding the parasites. Some workers recommend 
sternal puncture, but Shortt considers this less effective and more 
unpleasant for the patient. Shortt et al. have been able to find P» a- 
sites in over 75'/. of cases by examination of a thick edge left after 
making a blood smear. Another method is to make a smear from 
the dermis exposed with as little bleeding as possible. lno ™ lah “" ° 
NNN culture medium with spleen juice, blood, or bits of excised 
dermis is a reliable procedure. Shortt particularly recommends^seed¬ 
ing 3 or 4 NNN culture tubes with the top of the sediment obtained 
by centrifuging 2 to 5 cc. of blood added to four times Us volume of 
citrated saline. The tubes are incubated at 22 to 24 C.. and ffagella es 
appear in 7 elays or later in 90' i of untreated cases. 

A number of simple serological tests have been recommended One 
of the first was Napier's aldehyde test, in which a .Imp of strong forma¬ 
lin is added to 1 cc. of serum; in positive cases the serum gels and 
turns milky white; a mere gel is not diagnostic. Precipitates are also 
formed with organic antimony compounds, resorcinol, alcohol, per - 
tonate of iron, lactic acid, and even distilled 

which they are not formed by normal serum. The multiplication > 
apparently unrelated serum tests was becoming very confusing until 
Chorine (1937) showed that most of them are due to increase in 
euglobulin and decrease of albumin in kala-azar serum. 

Treatment. Before the discovery ol the striking effectiveness of 
antimony compounds for all forms of le ishinaniasis tl.e death ra e in 

kala-azar. ^udi^^mdium'and'potassiuni 

antimony! tartrates and sodium antimonyl gluconate and pentavalcnt 

ones the most extensively used being Neostibosan, Neoslam. Solusti- 

bosan and urea stibamine. Some trivalent compounds, such as 

Anthiomahnc and Fuadin, which are very useful i" 

and filariasis are less effective against leishmaniasis. The pent..vale it 

compounds have the advantage of being less 

effective, and most of them injectable intramuscularly as well as ultra 

venouslv but they are more expensive. , 

Mediterranean and Sudanese forms of kala-azar do not resend to 
antimony treatment as well as the Indian form but they 
to one of the aromatic diamidines (see p. 145), St.lbamidine. Unlor 
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tunately this drug is quite toxic; it causes more or less alarming 
symptoms after injection, and sometimes dangerous ones weeks or 
even months later. Also, unlike the antimony compounds, the diam- 
idines and related drugs do not immediately relieve the symptoms 
of kala-azar, but do so several weeks later, when both patient and 
physician are getting discouraged. 

The great trouble with treatment is the long time that has been 
required for complete cures. Of the tartrates at least 25 or 30 doses 
daily or on alternate days, totaling at least 2500 mg., are needed, and 
of the pentavalent compounds, about 10 or 12 doses, totaling 2700 to 
4000 mg., are required. Kirk and Sati, however, reported excellent 
results in Sudan kala-azar cases using sodium antimonyl gluconate 
in large daily doses for only 4 days, and then 2 to 6 more doses, 
usually after an interval of 2 weeks. They got immediate clinical 
response; usually gland and spleen punctures were negative after the 
first four injections. They claimed toxic effects to be negligible. 

Prevention. Protection against kala-azar involves avoidance and 
control of sandflies, which is discussed on page 674. Infected houses 
and people should be avoided after dusk, when sandflies arc biting, 
unless repellents are used. Habitations where cases have occurred 
should be sprayed with DDT or Dicldrin. Some control can be 
obtained locally by the establishment of free clinics and treatment of 
all cases. In endemic regions where the canine disease occurs, Sergent 
et al. recommend destruction of all dogs showing evidence of in¬ 
fection by symptoms or blood tests, and of all stray dogs; control 
of movement of dogs into and out of infected areas; and prevention 
of contacts between children and dogs. Destruction of the majority 
of dogs in Canea on the island of Crete in 1933 led to a markedly 
lowet incidence cf human kala-azar in the following year. 

Oric^hi! Sore (Ole Wc.'ld Cutaneous Leishmaniasis) 

One c the ti .•. 1 * 00 .l sichts n main tropical cities, particularly 
those of the ^ 1 tern \i» Utenam *n region and southwestern Asia, is 
the great m• ; >| . ! : de \ u 'i iliy under three years of age, who 
have or the • ' .w ' >.••*« oi O.oir bodies unsightly ulcerating sores, 
upon which > • ‘ flies .re constantly feeding. In some cities 

infection is s< v >1 in. <?i a. i so inevitable that normal children are 
expected l<* ha* e »I• * <!■ < 'C soon after they begin playing outdoors, 
and visitors .st Uom • 'c »pe a sore as a souvenir. Since one attack 
usually gives immunity. Oriental sores appearing on an adult person 
in Baghdad brands him .is probably a new arrival, and the same is 
true in many other tropical cities. Dogs frequently suffer from 
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cutaneous leishmaniasis also, especially on the nose and ears, and 
undoubtedly constitute an important reservoir. Many other animals 
develop local and sometimes visceral lesions when inoculated (see 

P ' The’disease is more or less prevalent from the shores of the Mediter¬ 
ranean to central Asia and the drier parts of centra and "’-ten, India 
and also in parts of China and in many parts of Africa. It is possible 
that true Oriental sore has been introduced into South America a so 

but here it is obviously difficult to distinguish it from the nat.se South 

A, Thc C parasil h are found in the dermal tissues of [ he sores ' "’ l, « e 
greatly increased numbers of large monocytes and other reticulo¬ 
endothelial cells are literally packed with them. Torpedo-shaped 
mrasites arc more commonly found than in kala-azar. 

P The disease. Classical Oriental sore (Fig. 22) begins as a small 
i 1 1 : 1 , 1 . insect bite which gradually enlarges to a diameter 
re P a P ,, c ' 4 ‘ T | k , covering epithelium eventually breaks down 

mmm 

Zps ii Quetta the incubation period was over 3 months in more 
.ban ha!f the cases ^ retimes many, probably due to 

multS'Active 

unless there arc«o„d f » squirre lsand gerbils as 

ssstit: . . - i - ^ “ 

special characters may oc( ,sio„al.y be inocu- 

Transm.ssio... Althoug I fljes „, a , havc just fed on 

£ diSet usually —«» *^ 

The pupiparous fly, Hippobosca ran,no (see p. lOfl), may act as 

»hon »..l . W in... 

According to Adler (1957). some strains of L. Irop.ca seem 
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adapted to P. sergenti and others to P. papatasii. In Italy P. per- 
filiewi , although primarily zoophilic, is believed to be a vector, and 
in Algeria P. longicuspis; as noted on p. 118, the rural “\vet"-sore dis¬ 
ease of central Asia is transmitted by P. caucasicus. For further 
details concerning Plilebotomus Hies see pp. 668-674. 

Treatment and prevention. If only one or a few sores are present, 
local treatment is best. Since secondary infections are common, the 
scabs must be removed and the sores cleaned and antisepticallv 
treated with powders or ointments. Injections of atebrin or berberine 
sulfate around the sores is said to have good effects. Multiple or 
chronic sores are best treated by injections of antimony compounds 
as for kala-a/ar. although in such cases intramuscular injections of 
the milder compound. Fuadin. are satisfactory. Usually, if the sores 
are protected, they heal in 15 to 30 days. Other local treatments 
with carbon dioxide snow, x-rays, and various antiseptic ointments 
have favorable influence but are not as effective as the methods 
mentioned above. 

Control probably lies largely in keeping the sores on either man or 
dog protected so that sandflies or other biting insects cannot get at 
them. It is not likelv that insects can become infected from sucking 
blood elsewhere, since blood cultures are never positive. Inoculation 
with cultures into unexposed parts ol the body is recommended in 
endemic areas. 


American Cutaneous and Mucocutaneous Leishmaniasis 

As noted on p. IP), there are several clinically different types of 
cutaneous l.’ishiis.imasis in tropical America, ranging from Yucatan and 
' ""I" ,M? M ' «•* "°rthcrn Argentina. The disease is called 
ehiclero ulcer in Mexico and Guatemala, bay sore in British Honduras, 
|] 0SC, J v,r ‘ loi s ' •'* mil plan bois in the Cuianas, espundia in 
int ! eftsl ‘ • 1 : •’ » >*Ih-i parts Ml Peru, buba in Paraguay. 

, l>ap ; 1, * * Sliattuek (1936) pointed out that 

.''} 11 ; ' 1 1 nate of all the endemic foci, 

,! ' • ' of tin mountain valleys in Peru where 

ula occurs. 

l * U aways conti ictcd. as is jungle yellow fever, in virgin 

■ '.' i ... ring chi. i,-. rubber, or mate, or con- 
. ' Vayi 1 forests. It is common among chicle 

lo "' ! ' forest areas in Yucatan, especially from 

, la, ! U "‘- V " ,K ‘" ,l,e «» li ‘f«i»U season is at its height. Biagi 

' ■ Ihesc people positive i„ tl„ Montenegro skin test for 
.. . '"‘“’“S 11 ...... in rain forests. outbreaks 
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of leishmaniasis have occurred in residential parts of Rio de Janeiro, 
where there were gardens and shrubbery, and in Peruvian villages at 
elevations of 4500 to 7500 ft., where the mild form of the disease 
known as uta occurs. 

Dogs are sometimes found naturally infected, but not as commonly 
as with Oriental sore in the OKI World. Monkeys and dogs can be 
experimentally infected, and Fuller and Ceiman in 1942 found that 
squirrels, especially Texas ground squirrels, are susceptible to cutane¬ 
ous but not to intraperitoneal inoculation, and develop ulcerating sores. 
Hamsters are less easily infected but may develop nodular skin lesions 
that do not ulcerate, and also visceral infections. Milder infections 
can be induced in mice. 

Another species. L. enriettii, described bv Muniz and Medina in 
1948 produces mucocutaneous leishmaniasis in the guinea pig. 
Interestingly, this form first appeared in a laboratory animal in South 
America. The cutaneous lesions found in a wild-caught Brazilian 
paca by Forratini and Santos in 1955 may well be L. enriettii. 

Mucocutaneous leishmaniasis (espundia). This severe form of 
the disease occurs from Brazil to Paraguay and northern Argentina 
In typical cases the infection begins precisely as in Oriental sore anti 
frequently follows a similar course, but there is a greater tendency 
for the sores to spread over extensive areas and for more numerous 
sores to appear. In one instance 248 sores were reported The ears 
face, forearms, and lower legs an- the favorite sites for the original 
lesions, but laborers naked to the waist may get ulcers on the trunk, 
and occasionally on the genitals or elsewhere. Sometimes the sores 
show a mass of raw granular tissue raised above the surface; at other 
times they become extensively eroded, with sharply defined raised, 
purplish edges and a surrounding red inflamed area The foul¬ 
smelling fluid which exudes sometimes crusts over, but may be 
inoculated into abrasions elsewhere and cause secondary ulcers. 
Secondary infections with bacteria, spirochetes, fungi, or maggots are 
frequent. The raritv of leishmanias in late stages suggests that 
secondary infections may play an important role, though the prompt 
healing which follows antimony treatment shows that leishmanias 
still play a leading part. There is nothing about the sores to d.s- 
tinguish them with certainty fro... others caused by blastomycosis, 
syphilis, tropical ulcers, or even in some cases yaws, so it is little 
wonder that there has been much confusion about their distribution 

and etiology. , . . , 

The most striking feature of the disease is the secondary develop- 

ment, sometimes by extension but more frequently by metastasis. »t 
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ulcerations in the nasal cavities, mouth, and pharynx, which may 
occur in 20% or more of the cases, though much more commonly in 
some geographic regions than in others. In rare cases ulcers occur 
in the vagina. According to Villela et al., small incipient lesions can 
he found in the nose in many cases where no obvious lesions are 
present, and scrapings of the mucosa frequently reveal Leishmania 
even when it is perfectly normal in appearance. The mucous mem¬ 
brane ulcerations may appear before the skin lesions have healed, but 
usually they develop from several months to several years later. 
Ordinarily they start as tiny itching spots or swellings of the mucous 
membrane, usually in the nose, the infected membrane becoming 
inflamed and marked either with small granular sores or with blister¬ 
like swellings. The lymph glands in the infected regions become 
swollen and turgid. A granular ulceration begins in a short time, 
invading all the mucous membranes of the nose and spreading by 
means of infective fluid which flows down over the upper lip into the 
mouth cavity, attacking the hard and soft palate. 

Advance of the lesion is obstinate and slow, and gives rise to serious 
complications. The nostrils become too clogged to admit the passage 
of sufficient air and the patient has to keep his mouth constantly 
open to breathe. His repulsive appearance and fetid breath help to 
make his life miserable. Affections of the organs of smell and hear¬ 
ing, and even sight, may supervene, and the voice is weakened or 
even temporarily lost. The digestive tract becomes upset from the 
constant swallowing of the exudations mixed with saliva or food. 
A spreading ol the nose due to the eating away of the septum is a 
characteristic hMture. Although in late stages of the disease the 
-Mitpv surface of flu palate and nasal cavities is attacked and the 
sepluf. between the nostrils destroyed, the hones are left intact, a 
feature ' huh *'*adily distinguishes a Icishinunian ulcer from a 
sNi iVM' c L 'll ii!y the victim of espundia. if untreated, dies 

rent infection, hut lie may suffer for years and 
nnb to tli' disease itself. 

by finding file leishmanias in the lesions, 
Montener o in 1926 is sometimes helpful. 
k injected into the skin; in positive cases 
•'clops within 18 hours. 

« ! .* n-utiission. Little is definitely known ibout the transmission of 

"ith other forms of leishmaniasis it is 
I ii!, b tomus iliivs are usually responsible. 
Support foi iis vie\ ided by instances where typical sores 

developed ..i the site of bites of P. htizi in Brazil. Aragao in 1922 
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found leptomonads in some wild P. intermedius captured in a locality 
in Rio de Janeiro where a local outbreak occurred, and in five of the 
flies that had fed on espundia sores 3 days before, he found similar 
flagellates. When emulsions of these flies were inoculated into the 
nose of a dog, an ulcerating sore containing leishmanias developed 
3 days later. Natural or experimental infections of this species, a 
semidomestic one, have been reported in many South American 
countries, from Argentina to Venezuela. Natural and experimental 
infections have been reported in at least six other species in various 
parts of South America (Bustamente. 19-18). For further details see 
pp. 673-674. In Peru Townsend obtained some experimental evidence 
that two species of midges of the genus Forcipomyia (see p. 676) 
are the transmitters of uta, but this work needs confirmation. 

Treatment. Most cases respond well to injections of antimony 
compounds, but some respond better to Neosalvarsan and in some 
cases resistant to antimony and arsenic compounds. Lorn,dme, one 
of the diamidines (sec p. 145). has proved effective. Treatment should 
be accompanied by removal of scabs from ulcers even on nose, lips 
or mouth, and cleansing to get rid of bacterial infections. In esions 
confined to the skin local treatments are helpful, using antimony 
tartrate applied as a powder or in 1 or 2% solutions or the methods 
described for Oriental sore can be employed. For cluclero ulcers he 
local treatments are satisfactory except for the chrome -rtenonj 
which requires systemic treatment with tartar emetic, Fuadm, or 

Lomidinc. 
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Chapter i 

HEMOFLAGELLATES 
II. TRYPANOSOMES 


One of the blackest clouds overhanging the civilization of tropical 
Africa is the scourge of trypanosome diseases which affect both man 
and domestic animals. The ravages of sleeping sickness which is he 
final phase of trypanosome infection in man. were well known to the 
old slave traders, and the presence of Africans lying prostrate on 
wharves and docks with saliva drooling from their mouths .sen¬ 
sible to emotions or pain, was a familiar sight. It did not take tl.es. 
astute merchants long to find that death was a requent outcome of 
the disease, and they soon recognized swollen glands ... the neck as 
an earlv symptom and refused to accept as slaves Negroes with swollen 
glands. Nevertheless sleeping sickness must often have been mho- 
duccd with its parasites into various parts of North and South 
America, as it frequently is even at the present tune, and only the 
absence of a suitable means of transmission has saved the western 

hemisphere from being swept by it. . , . 

I„ Africa the most obvious cllcct of sleeping sickness » dcpopulu- 
tion by death, induced sterility, high infant mortality, and displace¬ 
ment of population, with the result that the land is relinquished to 
wild animals and tsetse flics. Important as human infection has been 
in Africa, the effect of trypanosomiasis on domestic animals has, over 
vast areas, had a tremendous influence on the economy and develop¬ 
ment of that continent. As Hornby (1950) remarked. Trypano¬ 
somiasis is unique among diseases in that it is the only one whml 
by itself has denied vast areas of land to all domestic animals ot ic 
than poultry. The areas of complete denial are all m Africa and add 
up to perhaps one-quarter of the total land surface of tins contment 
Animal trypanosomiasis, by making it impossible to keep cattle or 
other animals, causes loss of soil fertility by the absence of man r. 
diminishes vitality of the people because of deficiencies ... the da < 
and deprives them of beasts of burden. 

131 
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Fossil remains of tsetse Hies, belonging to the Oligocene period, have 
been found in Colorado, and it has been suggested that the extinction 
of prehistoric camels and horses in North America, which cradled 
them in the early days of their evolution, may have been brought 
about by tsetse-borne trypanosome diseases. 

History. Although trypanosomes were first discovered in 1841, 
which is very ancient history in parasitology, the first connection with 
disease was the discovery in 1880 that they were the cause of surra in 
horses and other animals in India. In 1895 Bruce showed that nagana 
of domestic animals in Africa was caused by trypanosomes. In 1902 
Fordc and Dutton discovered the presence of trypanosomes in human 
blood in a case of "Gambia fever,” the preliminary stage of sleeping 
sickness. In 1903 Castellani found trypanosomes in the cerebro¬ 
spinal fluid of cases of sleeping sickness in Uganda. Klcine, in 1909, 
showed that the tsetse flv is no mere mechanical transmitter but a 
true intermediate host. In that same year there was discovered a 
new type of human sleeping sickness in Rhodesia, and Chagas 
described an entirely different human trypanosome infection in South 
America. 


Trypanosomes have played an interesting role in the development 
of certain concepts in biology and medicine. Observations on trypano¬ 
somes led Ehrlich to the idea that specific drugs acting on disease- 
producing agents could be found, ultimately resulting in the discovery 
of drugs for treating syphilis. The first observations of drug-resistance 
!" '"'"‘-organism were made on trypanosomes. These little animals 
wvc con,ln "« I «*> fascinate research workers who arc interested in 
* of biological problems. 

I lie parasites. The general relationships of trypanosomes have 
,100n C ' ,,c ;i sod 1 on PP- 01-113. They may be regarded as having 
course of evolution from the crithidias of inverte- 
Y 1 ' ;’ , f" livi "S in llle blood of vertebrates on which the 

■ ■>.ibilu.,'!v feed. The\ thus bear the same relation to 

■ / (Hat -nhtnanin bears to Leplomonas. 

I, " Parasites in all sorts of vertebrates—fish, 

ampinijumr.^rept.les. eird . and mammals-living in the blood, lymph, 

\ great number of different species have 
rvpanosonic found in a new host is named 


s eloped 


T 


or tissues of their host 
been named; usiuih *nv 




label until more is found out about it. 


after the host i* a t. 

Though this pr»<, dun- is not in accordance with rules of naming 
animals, it is better than the alternatives of having numerous nameless 

n:7" K ' S ’° 7 " l "‘- ; >r ° f ide,,,if > il) S H>em with species from 

uluch they may subsequently be found to differ. 
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In form most trypanosomes are active, wriggling little creatures 
somewhat suggesting diminutive dolphins or eels, according to their 
slenderness (Fig. 24). They swim in the direction of the pointed 
end of the body, being propelled by the wave motions of the undulat¬ 
ing membrane. The body is shaped like a curved, flattened blade, 
tapering to a fine point anteriorly, from which a free flagellum often 
continues forward. This flagellum continues nearly to the posterior 
end of the body, and is connected with the body by an undulating 
membrane, like a long fin or crest; in some species .1: is thrown. .r 
numerous graceful ripples; in certain others (e.g., Sch^lrypanum 



.v .. . V |wrlitlv rinnlcd Tilt* body contains a nucleus which 

stances Near the posterior end, or sometimes at the tip. there is a 
kinetoplast and a basal granule from which the• ag^un -ses. 
The kinetoplast is lost in T. equinum and some strains of T. evans,, 
species which have Income independent of intermediate hosts; ap- 
parenriy as Hoare has pointed out. the kinetoplast ,s necessary for 
development in tsetse flies, but not for multiplication vertebrate 
hosts Many species also contain scattered, deep-staining granules in 
the cytoplasm. Trypanosomes are commonly spoken of as poly¬ 
morphic or monomorphic. Polymorphic forms are those in which 
some individuals have a free flagellum and others do not (e.g.. 
eambiense brucei. and rhodesiense), whereas monomorphic forms 

may alway’s have a free flagellum (e.g lewisi, t"co!Z 

equiperdum, and S. cruzi). or may always lack one (e.g., 1. co«„< 

‘To ^ -tebrate hosts most trypanosomes usually 
multiply Wimple fission. The blepharoplas, is the firs, structure o 
divide; next a new flagellum begins to grow out along the margin 
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the undulating membrane; then the nucleus divides; and finally the 
body splits from the anterior end backwards. 

The African polymorphic trypanosomes of man and animals are 
mainly parasites of the lymphatic and intercellular fluids, but multi¬ 
plication also occurs in the blood stream; T. equiperdum thrives in 
edematous fluid of sex organs and skin; and some trypanosomes of 
birds apparently live mainly in the bone marrow. The members of 



fig. 25. Left, agglomeration of trypanosomes. T. lewisi, in blood of immunized 
rat. ( After Lav ran and Mcsnil.) Right, mammalian trypanosomes: 1, brucei 
or & mbienso nit!, free flagellum; 2 . same, without free flagellum; 3, brucei or 
rhodeih „>c, form with posterior nucleus; 4, equinum; 5, cruzi; 6, lewisi; 7, 
theitan; S, conyolensc; <J, simiac; 10, vnux. 


lh< genus Sclii'o/n/ff/nuini, however, multiply intracellularly in a 
eishmani;* form (Fig. 30), changing to the trypanosome form before 
Uhu: liberated from the cells: the free trypanosome forms get into 
Lie lymph and blood but do not multiply there (see p. 113). 
Lcv.uk/ ,,f tuosc peculiarities many South and Central American 
v.-mers have long recognized Srbizotnjpanum as a genus separate 
rom .1 r,,i„, noS onM and Leishmania. Most European and North 
Anar, am workers have not accepted Schizotrypanum , but it seems 

a|>pa “J ie ’° ,Im> ; u, ; llors ^ a logical separation. In many 

a. he favo.ttc habitat of trypanosomes is unknown, onlv the blood 
< | ? be ° n reco 8 u *zed. In some species at least, e.g., T. lewisi 

, U, ‘ d , ° m 1 ° f an immune response which inhibits repro- 

c." turn soon develops, making further multiplication impossible. 
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At least one trypanosome, T. equiperdum. lias become completely 
independent of its ancestral invertebrate hosts and is transmitted 
directly from horse to horse during copulation, and other trypano¬ 
somes can live and multiply indefinitely in vertebrate hosts if artificially 
injected by the soiled proboscis of biting flies. The majority of them, 
however, when they reach a suitable invertebrate host, hark back to 
the traditions of their remote forebears and go through a cycle of 
development more or less like that of typical crithidias. Some such 
as S. cruzi and T. lewisi, finding themselves in the ancestral home, 
revert almost completely. After being sucked into the stomach of an 
insect they assume the crithidial form, attach themselves to the 
epithelial cells or enter them, and multiply. Gradually they mou 
backwards towards the rectum, and the infective forms are voided 
with the feces. Infection occurs either by contamination of the bite 
with the feces, which is probably the usual way in S. cruzi; by ingestion 
of the feces of the insect when licking the bites, as in the case 
T. lewisi: or by ingestion of the whole insect. 

Those trypanosomes which develop thus in the l.indgut of inverte¬ 
brates are said to develop in the posterior station; 
servatives. The trypanosomes of this group use a variety of mserte- 
brates as intermediate hosts; for example, T. lewis of r “ tsd ^°P 
in fleas, T. melophagium of sheep in sheep ticks (keck7. f/ c /eri 
of cattle in tabanids, S. cruzi of man and other animals m r uiom 
bugs, and African reptilian trypanosomes ... tsetse flics. There are 
other trypanosomes, however-tl.c radicals-whic , after 
their insect vectors develop in the anterior part of the alimentary 
canal and infect by way of the proboscis. They form an evolut.m.ar) 
series; first the T. vicar group, which develop only ... . ^ 
then the congoleme group, which develop first in the stomach and 
then move forward to the pharynx; and finally the hrucei gror^p. wh.cK 
after some development in the stomach move forward and in adc the 
salivary glands, where the cycle of development is completed. So 
far as is known at present, this specialized procedure occurs only in 
tsetse flies, which serve as transmitters of African mammalian trypano¬ 
somes, and in leeches, which transmit the trypanosomes of aquatic- 
animals. Such trypanosomes are said to develop ... the anterior stat.o 
The infective trypanosomes that appear at the end of the cycle ... 
insects, whether in the anterior or posterior stat.on, are called meta- 
eyclic forms; they resemble the blood forms but are smaller. 

Identification of mammalian trypanosomes. The following key 
indicates the principal differences between some of the commoner 
mammalian trypanosomes: 
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I. Polymorphic forms; undulating membrane convoluted; kinetoplast 
usually not terminal; body with metachromatic granules. Invade sali¬ 
vary glands of tsetse flies. 

1. Nucleus nearly always central or slightly posterior; low virulence for 
domestic and laboratory animals (Fig. 25, I and 2) T. gambiense 

2. Nucleus sometimes posterior, especially in small laboratory animals 
(Fig. 25, .3); highly virulent in laboratory and domestic animals. 

a. Man not susceptible T. brucel 

b. Man infectible T. rhodesiense 

II. Monomorphic forms with free flagellum. 

1. Undulating membrane only slightly convoluted. 

a. Kinetoplast small, not terminal; nucleus anterior; length about 
25 m; parasite of rats; develops in fleas (Fig. 25, 6) T. lewisi 

b. Kinetoplast large, egg-shaped, usually terminal; nucleus central; 
body stumpy; length about 20 m; parasite of various small mam¬ 
mals and man; develops in triatomids; does not undergo repro¬ 
duction in the trypanosome stage (Fig. 25. 5) 

Schizotrypanum cruzi 

2. Undulating membrane moderately or strongly convoluted. 

a. Size large, usually 50-70 t* long; kinetoplast distant from posterior 
end. 

(1) In cattle; develops in tabanids (Fig. 25. 7) T. theileri 

(2) In sheep; develops in sheep-tick T. melophagium 

I). Size moderate (IS—36 m). 

(1) Posterior end swollen and rounded; undulating membrane 

moderately convoluted; kinetoplast terminal or nearly so; 
highly pathogenic for domestic animals, but laboratory ani¬ 
mals insusceptible; develops in tsetse lly in proboscis only 
(Fig. 25. 10) T. vivax 

(2) Posterior end pointed. 

(</} Nucleus consistently anterior (three-eighths length of 
body from anterior end); kinetoplast small, subterminal; 

• vfjemcly long and slender forms develop in culture; 

levelops in Rluxhiius (Fig. 33) T. rangeli 

Nock iis centra] or slightly posterior: kinetoplast small. 
: uhterminal; undulating membrane well convoluted, 

• ' l> resemble flagellated phase of brucei (Figs. 24, 

25, n. 


(1' I biddy pathogenic for horses, dogs and camels, 
c using surra, milder in cattle; transmitted by biting 
‘lies mechanically T. evansi 

1 -) Milder in dogs, causes dourine in horses; venereally 
transmitted, with no insect intermediary 

T. equiperdum 

( ' Similar to (/>' but kinteoplast absent; causes mal-de- 
caderas in horses in South America (Fig. 25. 4) 

T. equinum 

Mesomorphic forms with no free flagellum. 

. mall. •)- 1 b / long; kinetoplast terminal or nearly so; produces 
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chronic wasting disease in domestic animals, especially destructive 
to cattle; not highly virulent for laboratory animals; develops m 
stomach and pharynx of tsetses, not in sahvary glands^ Ftg^2o. 8 ) 

2 Lamer 14-24 u long; highly virulent for pigs; monkeys, sheep, and 
golfs ;dso susceptible, but usually no, other domestic or laboratory 
animals (Fig. 25.9) T. sumac 

Pathogenicity and immunity. The very name trypanosome sug¬ 
gests deadly disease, yet at least the majority of trypanosomes are 
harmless to their hosts. Wenyon in 1926 went so far as to say: As 
a general statement, it is safe to regard all trypanosomes as nonpatho- 
genic to their natural hosts.” The so-called pathogenic trypanosomes 
of man and domes,ic animals he regards as owing then ‘njunousness 
to their being in unnatural hosts; in the wild game animals o A r c 
which he regards as the natural hosts, they are harbored without .11 
effects T. g ambiensc has undoubtedly arisen from a bru cri-kke an¬ 
cestor; it has not yet reached a stage of equilibrium with ,tS 
where it can exist without creating a disturbance. It s significant 
that where human infections have existed longest the disease tends 
to assume a mild chronic form. T. rhodesiense, a more recent offshoot 
from T. brticei, is much more pathogenic for man. 

The pathogenicity of trypanosomes depends largely on ability of the 
hosts to develop trypanocidal antibodies and in some cases reproduc- 

SIS »2&i« (T.l* r 1926). 

may increase their harmfulness; Becker et al m 194- s h °" edthatthe 

, b “f 7. 

anybodies against the particular trypanosome involved. and1 shows the 
usual immune reactions, such as complement fixation and lys. . I 
also causes the trypanosomes to clump together in rosettes attached 
by their posterior ends (Fig. 25, left), and to adhere to leucocytes 
and platelets in the blood. Serum of naturally immune animals 
protects Against infection when injected but is no, destructive in d«. 


African Trypanosomiasis and Sleeping Sickness 

Two distinct types of trypanosomes cause human disease, one type 
in Africa the other in South and Central America. The African try p- 
anosomes belong to a group of closely related poK n.orphic ^rm^ 
One of these, Trypanosoma brace,, .s found in many African 
animals is highly virulent for domestic animals, especially horses and 
camels,’is infective for almost every kind of mammal except baboons 



138 Introduction to Parasitology 

and man, and is transmitted by Glossina morsitans. This is without 
doubt the parent form from which two species or strains capable of 
infecting man have arisen, namely, T. gambiense and T. rhodesiense. 
Some authorities consider both of them distinct species, some think 
that gambiense but not rhodesiense is distinct from brucei, and some 
think that all of them are mere strains of a single species. 

It seems evident that here again, as in the case of spirochetes, 
amebas, and leishmanias, we have run up against the difficulty in 
classification that comes from the fact that pathogenic organisms are 
not immutable things that can be described like simple chemical 
compounds, but are constantly undergoing adaptation and change. 
Their evolutionary possibilities arc great because of their rapid multi¬ 
plication, and arc further enhanced by the isolation and variety of 
environmental conditions afforded them by life in a variety of inter¬ 
mediate and definitive hosts. 

Aside from minor and inconstant differences in behavior in tsetse 
flies and in effects on laboratory animals, the only difference between 
T; Z aml) t™sc and T. rhodesiense is the fact that the latter, like 
T. brucei, when developing in small laboratory animals produces a 
small percentage of forms in which the nucleus is displaced to the 
posterior end of tlu* body. Even this is not a constant difference, and 
it is possible that it results from unusually rapid multiplication, and 
may be only an indication of virulence of the parasite or susceptibility 
of the host. i * 7 

Morphology id habits. The African polymorphic trypanosomes 
v ; lry ,n r lc,, « th 15 to 30 /4 , With exceptionally longer or 

d.or c, forms. I hey show the characteristic slender forms with free 
llage'iurr., stumpy forms without a free flagellum, and intermediate 
in any single blood or gland smear (Fig. 26). They are 

' CIX P a ? vays *P arStt in blood, and are usually more abundant 

m the mice ot enlarged lymph glands. They also occur in the spleen, 
winch is often enlarged. Later, usually after 3 months, they appear 
, 1 i ;- |> rosp ! n,.I and even in (he tissues of the brain and 
II, n„i- T V ' 1 ",i• • ‘! the infection they live between the cells and 
n> tk< ' " S when *»“•>• hav « beet. ingested by 

™ ^Vpanosornes in the past have not been easily 
; V " but Weinman has succeeded with a 

™ i P, ‘ ptonc > antl beef-heart infusion. The 

J <bat develop in tsetse flies; they are 

"" •‘"•'genic. The trypanosomes can also be 

^-jruiect in cluck embryos. 

rn lm on,a gambiense is readily inoculated into certain kinds of 
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monkeys and less readily into small laboratory animals, unless first 
passed through a monkey. Various antelopes and other herbivorous 
animals, and also dogs, are susceptible. The Situtunga antelope is 
an important natural reservoir in some places, and domestic animals, 
particularly pigs, may also serve in this capacity. 



Fig. a*. Trypamxoma uambiensc showing A. long Ion., with 
intermediate form; and C. short lorn, without free H«g.-ll«n.. Almut X I.(10. 


Until quite recently T. rhodcsiense had never been actually isolated 
from wild same animals although there was strong exper.mental and 
epidemiological evidence favoring the idea that w,Id annuals are 
sources of human infection. In 1958. the transm.ss.on of rhodeswnsc 
to man from a bush buck was demonstrated. Normal human serum 
is toxic to all the African trypanosomes except T. gambwnse and 
T. rhodesicuse, but whereas T. ,-ambiense apparently never loses tins 
immunity. T. rhodcsiense may do so after bemg kept ... culture or 
in laboratory animals for a long time. This suggests that . «« 
is a strain that has not become as thoroughly acel.mated to human 
blood as T. gambiensc, which is also indicated by its greater virulence. 

Distribution. Human infections with Trypanosoma gamlnense 
occur in a wide area in tropical western Africa from Senegal to 
Loanda, extending inland along the rivers, particularly the Congo ami 
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Niger. The affected areas have been extended to Lake Tanganyika 
and southern Sudan by white settlement and consequent movement 
of infected natives. Stanleys expedition to reach Emir Pasha in 1888 
may have introduced the disease to virgin territory in Uganda and 
the Great Lakes region, where it gave rise to a terrible epidemic that 
in one district reduced the population from 300,000 in 1901 to 100,000 
in 1908. Some whole villages and islands were depopulated. Buxton 
(1948), however, suggested that this outbreak may have been due in 
part to T. rhodesicnse, which was unknown at that time. 

In more recent years the severity of the disease has been reduced 
in many parts of Africa by preventive measures and treatment, together 
with a natural decrease in virulence in many areas. In Nigeria alone, 
from 1931-1943, over 4,000,000 examinations were made, with detec¬ 
tion and treatment of over 300,000 cases. The infection rate in Nigeria 
is now only one-tenth of what it used to be. However, in many 
endemic areas in Africa, 5 to 30% or more of the natives are still 
infected. 

T. rhodesicnse infection was first reported in Hhodcsia in 1909. 
Since then many more cases have occurred over a fairly wide area in 
eastern Africa from Kenya to southern Hhodcsia and northern Mozam¬ 
bique, and inland across Tanganyika to Uganda and eastern Congo. 
A few outbreaks that might be termed epidemics have occurred, 
including one in Uganda in 1940-1943, which has continued to 
smolder, anil one in Belgian Congo in 1954, but in general the 
infection in 7\ rhodesicnse areas is markedly sporadic. This species 
has a tendency to recur in certain spots, sometimes after intervals of 
many years. In spite of it* greater pathogenicity and high case 
mortality rat< i such a small percentage of the population 

as to b< • relatively mint r public health problem. Animal trypano- 

us effects on tin* welfare of East Africa. 

• rtb>ion an l t pidemiologv. The entire group of polymorphic 

by tsetse flies; they differ from other 
d ti\ >an . by invading the salivary glands 
trypanosomiasis is often transmitted 
•a..' :;;' by biting tlies. such as tabanids and Stotnoxys , this 

ligible as tar as man is concerned, 
■ ' < i trails nission by tsetse flies may not be infrequent. 

- flies involved vary with the strains. The prin- 
' * and rhodesiense is Glassina morsitans, although 
1 myika C. swynnertoni is also an important carrier. 
: Uganda epidemic of T. rhodesicnse in 1940-1943, G. pallidipes 
denied to be the principal transmitter. The principal vector of gam- 



Hemoflagellates: Trypanosomes 141 

biense is G. palpalis, but in northern Nigeria and Cameroons G. lachi- 
noides seems to be the important transmitter. These species of Glossina 
are discussed on pp. 698-706. Experimentally T. brucei and rhode- 
siense can also be transmitted by G. palpalis and other tsetses, and 
T. eambiense by G. morsitans. 

When cyclical development occurs (Figs. 2/ and 28), the ingested 
parasites multiply first in the middle intestine. After the tenth to 
fifteenth day long slender forms are developed which move forward 
to the proventriculus. After several more days the trypanosomes make 



Fig 27. Course of development of T. aamhieme in tsetse fly. (1) multipl.ca- 
tior, i„ miilyul in trypanosome form; (2) lon B . slender trypanosomes m proven¬ 
triculus- (3) passage to salivary glands and development there of cr.thld.al and 
then infective trypanosome fonns; li> poplurynx and labial cavity used for passage 
only; £ hypophary'ns; laic., labial cavity; midgut; pr.. proven.r,cuius; 

sal.gl., salivary gland. 


their way to the flys salivary glands to the walls of winch they attach 
themselves by their flagella and. rapidly multiplying, undergo•«« • 

ial stage. As multiplication continues, free-sw,mining metacyche 
trypanosome forms are produced which very closely resemble the 
parasites in vertebrate blood and are now capable of infecting a 
vertebrate host. The whole cycle in the fly usually occupies 20 to 
30 days. A temperature between 75 F. and 8.5 F. ,s necessary for 
full development of the parasite in the fly. ending m invasion of the 

Sa in a n y aturTnot more than 1 or 2 per 1000 wild tsetses are found 
infected with trypanosomes of the brace, group, although 20 to 30 c 
of the game on which they feed are infected. Many fl.es appear to 
be completely refractory to infection, as Huff has shown to be true 
of mosquitoes and malaria. On the other hand, individuals gifted 
with susceptibility are often found to be infected with more than one 
species of trypanosome. Strains of trypanosomes vary in their ability 
to infect the salivary glands of tsetses, and some lose their power of 
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cyclical transmission entirely after prolonged cultivation or passage 
through animals. In 1956 Willet showed that, in the case of T. 
rhodesiense, about 80,000 must be introduced into a man to establish 
infection. 

As just noted, game animals may serve as reservoirs for the human 
trypanosomes, particularly T. rhodesiense. The recurrence of rho¬ 
desiense infections in the same spots raises the question whether man 


To cerebrospinal fluid 




Flq. 28. Life tyJc 
li Irypnn.viom •> m> 
provcnlrictiLi ' 

glands. •» _ .»;• 
figmes by *^n, 


• ,f f. yjwdncnre. .\, long and short forms in human blood; 
r.ii*!••• •» oi tsetse 18 hours after blood meal; C, slender 
* “ , >, *i day; /). trypanosome newly arrived in salivary 

ntl.rdias in salivary glands, loth to 25th day; F, 
lo 10th day. (Constructed from 
Try . Fof«. Sac. London, 1912.) 


° ! ^ 1 ( < important reservoir (Buxton, 1948). 

Health) ind might be responsible for keeping 

•:c alive !>ut it i* also known that this trypanosome remains 

capable of MdVeiing man even after a long succession of cyclically 
transmitted passages to sheep or antelopes, although virulence for man 
d*miuislies. The rhodesiense infection usuallv occurs on the 
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fringes of thinly populated back country abounding in big game, 
whereas gambiense infections prevail in well-populated areas with 
sparse mammalian fauna. It is reasonable to believe that man-to-man 
transmission plays an important part in rbodesiense infect.ons. Out¬ 
breaks of gambiense infections tend to be widespread and prolonged, 
whereas rbodesiense outbreaks are limited and brief. In part, at least, 
this is because natives infected with rbodesiense, by the time the 
trypanosomes appear in their blood, are far too ill to venture into the 
“bush” where Glossina morsilans could suck up their parasites, whereas 
the mild, prolonged course of the gambiense disease enables infected 
people to carry on with their usual occupations for months or years, 
and to serve as sources of infection for tsetses. Studies on persons 
who have migrated from African trypanosomiasis areas to Europe 
have shown that the protozoans may reside quietly in the body for 
several years, symptoms appearing when the individua suffers some 
other infection, nutritional deficiency, or even physical fatigue. 

The habits and characteristics of the vectors of the two infections 
also contribute. The gambiense vectors and man both require water; 
therefore in dry seasons in poorly watered areas the concentration of 
flies and man in limited areas provides ideal conditions for the spread 
of a parasite that does not easily infect tsetses and is not easily trans¬ 
mitted by them. The people spread the infection along ^ade route , 
by local travel, or by movement away from a decimated locality. 1 Ins, 
according to Morris (1951), accounts for the great epidemics in he 
interior savanna woodlands of West Africa and their absence in the 
wetter forested coastal areas, where the flies, though abundant, arc 
free to wander, and may only occasionally bite another person after 
picking up an infection. In East Africa the vectors of rhodcswn.se 
Infections are not so dependent on water, and concentrations of man 
and flies in the same place is of less frequent occurrence, hence the 
lesser frequency and more limited nature of the outbreak* 

The disease. The course of the disease caused by ^anosomc 
infection is insidious and irregular. The Gambian and Rhodesian 
diseases are essentially alike in their symptoms and in the course, 
run except that the latter is usually more rapid in development and 
more virulent in effect, as a rule causing death within 3 or 4 months 
after infection, often without the enlarged glands so charac.en tic 
of gambiense infections. The variety of the Gambian disease found 
in Nigeria is comparatively mild and of long duration. 

The bite of an infected tsetse fly is usually followed l>y .tchm K .«nd 
irritation near the wound, and frequently a local dark-red, buttonhke 
lesion develops, occasionally increasing to considerable size. After a 
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few days, fever and headache develop, recurring at irregular intervals 
for weeks or even months, accompanied by increasing weakness, 
enlarged glands, and usually some edema, and a markedly lowered 
resistance to other diseases. Often a peculiar tenderness of the 
muscles is complained of also. Usually an irritating rash breaks out 
during the early stages of the disease. Sometimes for long intervals 
trypanosomes are so sparse in the blood that they can be detected 
only by animal inoculation. Loss of ambition and vitality usually 
figures prominently, and childbirth is seriously interfered with. 

It is possible that after weeks or months or years of irregular fever 
and debility the disease may spontaneously disappear and never 
become more than trypanosome fever. Usually, however, the parasites 
ultimately succeed in penetrating to the cerebrospinal fluid of the 
brain and spinal cord, and "sleeping sickness” results.* In the 
Rhodesian disease the central nervous system is usually invaded early, 
but in the Gambian disease this is a late manifestation and may appear 
from a few months to at least seven years after the onset of symptoms. 
The invasion is accompanied by a striking accumulation of round cells 
in and around the walls of vessels in the brain and by characteristic 
increases in the cells of the cerebrospinal fluid. 

Sleeping sickness is ushered in by an increase in the general physical 
and mental depression. The victim wants to sleep constantly and lies 
in a stupor; his mind works very slowly, and even the slightest physical 
exertion is obnoxious. Eventually the sleepiness gets such a hold on 
him that he is likely to lose consciousness at any time and even neglects 
to swallow his food. After weeks of this increasing drowsiness his 
body becomes emaciated, a trembling of the hands and other parts of 
the body (V\ ’ops, with occasional muscular convulsions and some¬ 
time i.u.r.iuc. 1 * attacks. He finally passes into a state of total coma 
ending > V ’.'h, or death may end the unhappy condition earlier dur- 
11 i 1 ‘ * onvulsion or fever, or through the agency of 

some co n;>licaling disease. If untreated, death is probably the 
inevitab! percentage of infections occurs among 

pcopic or uidd 1 »c*o: »i(i people are significantly few in number in 
si jK'x disti ; cts 

:»iagn:i o i. > -'is should be confirmed by finding the parasites 
m b, KKi i ; juice in early cases, or in cerebrospinal fluid when 
symptom* oi in cells suggest involvement of the central nervous 

> .u: in di en the parasites are very scanty, and inoculation of lab¬ 
oratory animals may have to he resorted to. Blood can be examined 

* i: mould be noted that the so-called sleeping sickness of the United States is 
‘ totally different disease, caused by a filtrable virus. 
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by centrifuging it twice, just enough to throw down the red cells each 
time, removing the supernatant and leucocyte cream, and recentnfug- 
ing this at high speed for a long time, then examining the sediment. 
Sometimes the parasites are detectable by their movement in fresh 
fairly thick preparations, or they may be found in Giemsa-stained 

thick smears. . . , 

Examination of gland juice obtained by puncturing an enlarged 

gland with a dry needle is usually more reliable in early cases, and in 
late cases centrifuged cerebrospinal fluid is more frequently positive 
than is the blood. Marrow obtained by sternal puncture is sometimes 

positive, but less often than in leishmaniasis. 

Treatment. Arsenic and antimony compounds were until recent!) 
the standard drugs for treatment of trypanosomiasis, but now they are 
rarely used except for late stages when the parasites have invaded 
central nervous system. Two drugs. Bayer 205 (also called Antrypol. 
Germanin, or Suramin), and pentamidine or a closely related drug 
Lomidine, which are aromatic diamidines. are now most widely used 
for both treatment and prophylaxis of human infections; they are lovv 
in toxicity, effective in treatment, and prevent reinfection for several 

of blood and lymph Infoc.io,,,. Svo M->£ 
injections of pentamidine or Lomidine at 2-day .n ervals, at the rate 
of 4 mg. of the base per kilogram of weight, have been found <>> pro¬ 
duce no damage to the nervous system, liver or kidne>s, and to 
followed by very few relapses in over 12.000 cases in French West 
Africa, although the immediate transient reactions characteristic of the 
diamidines were observed. Antrypol has a buffer effector. the dum- 
idines preventing their toxic effects, so a combination of the two 
drugs'may permit larger doses and effective treatment in or 3 days, 
possibly in 1 day. Lourie (1953) thinks that a combination o these 
L drugs might be particularly advantageous ... mass prophylaxis 
(see below) This case of two drugs, apparently acting together 
therapeutically, bu, one annulling the others toxic effects, seems to 

"CptS- Antmwl 1, d .,0 to the foe, ,1m, dm — 
bines with globulin in the blood and remains in the circulation. Pre¬ 
sumably the long-lasting effects of the diamidines and also Antryc.de 
(see p 158) may be similarly explained. Single injections of pentam¬ 
idine^ Lomidine, or two injections of Antrypol (0.5 gramfa 
by 1.5 grams after 2 days), prevent reinfection for about 6 months or 
more. In French West Africa and Belgian Congo, where 
doses have been given to hundreds of thousands of people, infection 
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rates have been reduced in the treated people by 90 to 99% after 
3 to 5 treatments at 6-month intervals, and even in untreated people 
there has been 50 to 65% reduction. 

After invasion of the central nervous system, an arsenic compound, 
Trvparsamide, is an effective drug but very toxic, and strains of 
trypanosomes resistant to it have cropped up all over Africa. Trypar- 
samide treatment requires a scries of once-a-week injections of 0.04 
gram per kilogram of body weight for 10 or 12 weeks, usually repeated 
once or even twice after 3-month intervals; thus a completed treat¬ 
ment takes as long as a year. The drug sometimes injures the optic 
nerve and may cause blindness. 

As an alternative for cases that do not respond to Trvparsamide, 
melarscn oxide, a trivalent arsenic compound, was suggested by 
Weinman in 1946, and a somewhat detoxified derivative of it, Mel B, 
by Friedheim in 1949. These compounds have had extensive trial and 
have been shown to be highly effective. However, both drugs are 
very toxic and obviously unsuitable for mass treatment. They can 
be used effectively if the patient is hospitalized and the drug adminis¬ 
tered under careful supervision. They are most useful in cases that 
have failed to respond to Trvparsamide and are sure to die if left 
untreated. Nitrofurazone compounds and the antibiotic, Puromycin, 
administered with other drugs, have shown promise in treating ad¬ 
vanced cases of txniihirnsc infection. Thus far. no method of dealing 
with drug-fast strains of trypanosomes has been found except the use 
of a variety of different drugs, for the parasites obstinately retain their 
resistance even after passage through tsetse flies. 

Prevention. Therapeutic and prophylactic treatment, including 
the establishr i ;nt of sleeping sickness dispensaries, can certainly 
reduce hu.n. 
the case of 
methods !ia v 
the inciti. •• 

diffi* u!t\ n 

mass svrwy 
neti\ e ; 

• | r p,| 

tion after d< 


infection to a low level, and possibly eradicate it in 
gaw'/iei use infections. However, application of such 
i*s problems. In Nigeria it has been found that when 
» Unman trypanosomiasis drops there is increased 
nig tho cooperation of the native population in 
o.d »rc !jpuc. They no longer fear the disease, and 
i it vs s m L • th.eii < iforts at persuasion. (This is reminis- 
•’ :,v of -. im ms who failed to obtain polio immuniza- 
w . ueve opiof a vaccine.) Control through treatment of 
h ult in rhodcsiense areas because the disease is more 
ipidly i a* a! and wild animals play a much larger role in its epi- 
tc n?c,!ogy. Aside from mass treatment and prophylaxis, control of 
i'tun fr\ panosomiasis resolves itself into getting rid of tsetse flies, or 
educing contacts between them and the human population, by one or 
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more of the methods discussed on pp. 704-705. Wholesale evacuation 
of human inhabitants of an area, as was done in the great Uganda 
epidemic at the beginning of the century, is seldom warranted now. 
for the dav has come when the fly and or the disease, instead of man. 
can be ousted from a stricken area if the population is not so sparse 
and the land so poor that it is not worth fighting for. 

One of the best demonstrations of what can be accomplished was 
the eradication of tsetses in the Anchau corridor, a strip .0 miles long 
and 10 miles wide, inhabited by 60,000 people, and its subsequent 

rehabilitation (see Nash, 1948). 

American Trypanosomiases 

In the western hemisphere, where there are no tsetse ^.certain 
species of trypanosomes parasitic in domestic animals, ulnch luvc 
become independent of their ancestral hosts, have become established. 

These include T. .... T. rymnun, 

forms which may be identical, and T. v.cax (see pp. VH-15 )■ J" 
addition, however, there are at least two trypanosomes of Meruit 
type which are parasitic in man and many other animals Thy ar 
Trypanosoma ralgeli (see p. 155), found in northern. South a.ulBe¬ 
lial America and transmitted by trialom.d bugs of the genus Ri o I 
nius; and Schizotrypanmn cruzi, found from southern United States 
to Argentina and transmitted by many kinds of tr.atomids. 

SCHIZOTRYPANUM CRUZI AND CHAGAS' DISEASE 

• looo that in villages in the state of Minas Gerais, 

B “rX, vUtfeW w,,,. bloodsucking 

bugs Panslrongtjhis mcgislus, called barbeiros. and that these bugs 
were infected wit, 

Z infested houses there were frequem. = 
especially among infants and young children, of an acute disease 
characterized by fever, enlarged glands, anemia, and disturbances of 
. I onc . of these cases trypanosomes were found 

L thTZd^d in others they were demonstrated by injection of 

Tiese trypanosomes, named Schizo.rypanum cruzi (seep^ 134) 
have since been found to parasitize many small ">amma a,Hl o e 
common in bugs of the subfamily Tnatominae all the way from the 
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pampas of Argentina to the deserts and canyons of Southern California 
and Arizona, and the scrub woods and farms of Southern Texas. It 
has recently been reported from raccoons in Maryland, and a similar 
parasite has been found in Asiatic monkeys. Fortunately, human 
infection is less widely distributed. 

A closely related species, S. vesperlilionis , occurs in bats all over 
the world (Zeledon and Vieto, 1958). 



•. inn, in dchcnioglobinizcd thick drop of blood from 

• d o m mi sc. ( After Brumpt. Prase mcd., 1939.) 


u • iti ' injitanum cruzi is a curved, stumpy trypano- 

i ng. with a pointed posterior end. an elongated 
. of tin body, a largo egg-shaped kinetoplast close 
nd a narrow and only slightly rippled undulat¬ 
ing mcinbian. and • moderately long free flagellum (Fig. 29). 

1 »»the blood ncvei exhibits stages in division. 
Gr€rttl > nass of rapidly dividing parasites, 

varying in the ir n ■ r from just a few to many hundreds, are found 
in tissues of u.bt bd man and animals. The parasites multiply thus, 
especially in cells of die heart and voluntary muscles, central nervous 
system, and various glands. During the stage of rapid intracellular 
multiplication the parasites are round in form and resemble leishman 


bodies (big. 30.4V but as they grow older a flagellum grows out. 
and crithidial and eventually trypanosome forms develop (Fig. SOB). 
Then the loaded cell ruptures, liberating the parasites, which invade 
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neighboring cells or are distributed to other parts of the body by the 
lymph or blood system, unless destroyed by immunological reactions 
before they reach the safety of another cell. It is only in the early, 
acute stage of the disease that the parasites can live in the blood for 
long. In the chronic stage, when antibody reaction has occurred, the 



unpar. c. 


. A . containing Uishmania forms in muscle 

S "'7- y-r£r anpat>M CQ]l 

<1000. (After Vianna. Mem. Inst Osunl.lo Cru.. 1911.) 


.1 f r .rplv seen and can be demonstrated only by animal 


tissue cells. 

S. cruzi is a very versatile parasite, 
armadillos, opossums, bats, racoons 
monkeys, marmosets, guinea pigs, rats 


Its natural hosts appear to be 
and rodents; it can thrive in 
, rabbits, cats, dogs, and other 
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mammals, but not birds. Borsos and Warren (1959) showed that 
chicken serum contains an antibody that lyses S. cruzi. Large herbiv¬ 
orous animals such as horses, ruminants, and pigs are little affected, 
in contrast to their susceptibility to the African trypanosomes, but 
Brumpt ct al. (19-39) found that sheep, goats, and pigs could be 
experimentally infected, and he thinks that pigs, as well as dogs and 
cats, may constitute a reservoir of infection, a view later supported 
by the finding of a naturally infected pig in southern Brazil. Man 
seems to be somewhat more resistant to infection than many other 
mammals. Dias ct al. (1945) think that wild animals are not impor¬ 
tant reservoirs of infection as far as man is concerned, although cats 
and dogs may be of some importance. Where human infection is 
common, the transmitting triatomid bugs have adapted themselves 
to living in houses and the infection is essentially a residential one. 


A number of strains of the parasite exist, differing in their infectivity 
for man. Mazzoti (1940) isolated a number of strains from triatomids 
in Mexico which differed in their virulence for guinea pigs. In French 
Guiana, different strains vary in their infectivity for particular species 
ol triatomids. In arid northeastern Brazil there are many chronic cases, 
but no acute ones, in contrast to southern Brazil, Paraguay, Uruguay, 
Argentina, and Chile. The strain found in arid parts of Mexico and 
southwestern United States also has very low virulence for man, so 
much so that only a single authenticated case has been reported from 
:m i "ited States (Woody and Woody, 1955) and only a few in 
‘ although man can be infected by these strains (see p. 152). 
n » add' cultivated on a variety of artificial media, and is a 


i' ac ry tv'ocijte for the cultivation of Entamoeba histolytica (see 
It develops in tissue cultures of chick embryos and in 
* Macrophages from rabbits or chickens. 
n« hosts, and transmission. The usual intermediate 


h< t 
bugs :>t 
60S i. b 


.milters 
.1 • - 


as 


'* S. ciuzi are the large and often highly colored 
. mi\ i riatominae. of the family Reduviidae (see p. 
trasicc seems not to be very fastidious about the arthro¬ 
pod hosts in which it will develop. Experimentally it develops not 
only in all >pivics of Triatominac in which it has been tried, but also 
in bedbugs. Mclophasm, ticks, and even the body cavitv of a cater¬ 
pillar. In nature, however, the triatomids are probably the onlv trans¬ 
mitters of any importance. At least thirty-six species of these bugs 
have been found naturally infected. In southwestern United States 
and Mexico, about 20 to 25% of bugs are infected, 40 to 60% in 
Central and South America. 

Even of the triatomids, there arc relatively few species that are 
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important as transmitters to man; these are the ones that habitually 
invade houses. These transmitters and their distribution are discussed 

on p. 611. 01 x . 

The development of S. cruzi in the intermediate host (Fig. 31) is 

similar to that of T. lewisi of rats, and takes place in the posterior 
station.” Within 24 hours the trypanosomes may pass into the intes¬ 
tinal portion of the midgut, where they transform into critlmha and 
multiply abundantly. Eventually crithidial forms pass to the rectum 
where small ones are found attached to the epithelium. In the rectum 



prolixus. A, frtslily >»S> _ in *0 hours after iiiReslion; D. r«U-vi1iii>- 

isai A «• »»■;« r yon ' pro, °- 

zoology, 1920; C-F. after Hr.I*. Nouveau iraite Jc mul.. 19.5.) 

they Rive rise to “metacyclic” trypanosomes which resemble those in 
vertebrate blood and are the infective form, These appear abou .be 
sixth dav in larval bugs, but not until the tenth to fifteenth in adults. 
As many as 3500 of these per cubic millimeter may be voided with 

the insects do not become infective, but S. F. 

WooTin 194? found trypanosomes in great numbers in the body 
0 in i Prnhiblv accidents of some sort caused tin* 

w’Srined in death of the bugs, bn, such 

Transmission Human infection seems most 

branes or skin « d, nketed a(ter a bite on the lids. 

frequently to cometom r membranes or conjunctiva with 

presumably contamm.it ng „ r ^ out by slapping. 

SaSSSSS- W eating .he bug, o, «„g »* 
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Cats can he infected by eating infected rodents. The infection can 
also spread from bug to bug by cannibalism or ingestion of liquid 
feces (see pp. 613—614). Once infected, a bug remains so probably 
for the rest of its life. 

Human infection. Human infection with Chagas’ disease occurs 
all the way from Mexico to northern Argentina but is by no means 
evenly distributed. It is an odd fact that only one human infection 
has been observed in the United States, in spite of the fact that S. cruzi 
has been found in many species of triatomids in the Southwest and 
frequently in a high percentage of individual bugs even in houses 
(see p. 612). That the Texas strain is infective for man is indicated 
by a successful experimental transmission by Packchanian (1943). 
In South America the disease is most prevalent in areas where species 
of triatomids live like bedbugs in houses and habitually suck human 
blood. Since the bites of triatomids are not infective unless con¬ 


taminated by the bugs’ feces, only constant exposure to bites, especially 
during sleep, when they arc unconsciously rubbed, is likely to lead 
to infection, and then only if the bugs regularly defecate during or 
immediately after a meal, as the "domestic” South American species do. 
It seems probable that the species of triatomids in North America 
are not as quick to defecate after a meal and are therefore less prone 
to transmit infection. This is known to be true of T. protract a and 
Shields and Walsh in 1956 reported that T. sanguisuga does not 
defecate for 20 to 30 minutes after feeding. 


Only a few cases occur in Mexico and Central America, and little 
V ird ('! the disease in Colombia, Ecuador, or Pern. It is common, 
wr in many parts of Venezuela. French Guiana, Brazil, Bolivia, 
in Chile, 1 iraguay, Uruguay, and northern Argentina. In some 
!u Brazil Bolivia. Chile, and Argentina 10 to 20 per cent of the 
<hew evidence of infection. In Venezuela Torrealba 
• hat were a million human infections, constituting the 

prfncip : ca'i'c of myocarditis in rural parts of that country, as it 
apparently doe in Bi . il In the northern part of Chile 12% give 
positive Machado reactions. 


is 
ho 
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Thue seems to be a rather high natural resistance to acute infec¬ 
tions; these oc ur most frequently in infants and children in whom 


resistance is weakened by a goitcrous condition, malnutrition, or 
chronic malaria or ether chronic diseases. However, acute cases do 
occur in individuals who are otherwise apparently healthy. The 
occasional finding of parasites in the blood or by xenodiagnosis in 
unsuspected cases, high incidence of positive Machado reactions (see 
p. 154), and frequency of characteristic electrocardiographic changes 
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indicate that the infection is much more frequent than was formerly 

th \Vhen Chagas first discovered human trypanosome infections in the 
regions of endemic goiter in Minas Ceraes. he believed that the goiter, 

with all its sinister consequences—myxedema, infantilism, cretinism 
etc.—was caused by the trypanosome infection, through a supposed 
toxic effect on the thyroid gland. But it is now evident that Chagas 
got the cart before the horse-acute trypanosome infections were the 

result of the goiter, not vice versa. ,, . 

Transmission of S. cruzi in blood transfusions can occur Add «... 
of gentian violet to blood is reported to render it sa c for transfus om 
Prenatal infection has been reported in humans and dogs and a few 
cases of the disease have apparently been acquired with the mothers 

mi T k he disease. Acute cases of Chagas’ disease are especially common 
inTnfants or young children. Frequently the disease begins with an 
edematous swelling of the eyelids and con¬ 
junctiva (Fig. 32) and sometimes other 
parts of the face, usually only on one sulc^ 

This is accompanied by inflammation ot 
the tear gland and swelling of lymph 
glands of the neck. These symptoms sug¬ 
gest that the eye may be the usual site o 
inoculation, the insect biting the lids, and 
the victim then rubbing infected excreta 
from the bug into his eye. The swelling, 
called a primary “chagoma.” is caused by U 
an inflammatory exudation in the locality mt ^ 
where the parasites arc colonizing m tissue 
cells, particularly in subcutaneous lat cells. I 

Latcr other chagoinata may appear in M. 

. . r t i, n hodv they may be Chagas disease in 5->car 

distant parts of the body, l y • Brazilian girl, with trypano- 

conspicuous or only detectable . P* 1 • SOI|ies cas n y seen in blood. 

tion. During early days of the disease ( photograph supplied by Em* 

there may be severe headache and marked manuc | Dias.) 

nritt r u TelgeTbs“e disease goes into a chronic 
fever. After this acute jtey for life , but there may 

stage which many a .1 ors P s during which 

first be a long latent pu mdU i symptoms j„ the 

the disease . m hard edema, inflamed lymph glands, 

and enlarged liver and spleen. In protracted cases there is a progres- 



Acute 
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sive anemia and sometimes nervous disturbances. In severe eases 
death may occur in two or three weeks. 

Disturbance of the heart is very common and according to Chagas 
is the commonest chronic manifestation in man. Nearly all fatal cases 
show injury to the heart muscle, which is one of the favorite tissues 
attacked by the parasite. The injury causes separation of the cells, 
inflammatory infiltration by phagocytic cells, and increase of fibrous 
tissue, which weakens the heart in chronic cases. Electrocardiograms 
show characteristic types of heart blocks and other abnormalities. 
In Brazil Dias (1953) found heart abnormalities in 16% of electro¬ 
cardiograms in a place where positive serological tests ran over 50%, 
but in only 6% in a nonendemic area. According to Koberle, dilata¬ 
tion of the gut (megacolon or mega-esophagus) is a common compli¬ 
cation in Chagas disease, described as being due to destruction of 
nervous tissue associated with maintenance of smooth muscle tonus. 
Old-age security is a minor problem in areas where Chagas’ disease 
is highly endemic. 

Diagnosis. In acute cases a diagnosis can usually be made by find¬ 
ing the parasites in direct blood smears, but in some acute and most 
subacute cases such slow or tiresome methods as blood cultures, large 
inoculations of blood into susceptible animals, or xenodiagnosis (feed¬ 
ing of uninfected bugs on the patient) have been resorted to. Muniz, 
however, showed in the late 1940*s that a precipitin test is helpful in 
Midi cases, using a polysaccharide extract of cultured trypanosomes 
i' antigen: this method is simple, rapid, and reliable, since no cross- 
:v, > ‘'cos are obtained in leishmaniasis cases. In chronic cases a 
o ir; lenient fixation test, called the Machado reaction, is useful; nega- 
• .s rule out all but very early stages of infection, and strongly 
u only in S. cnizi and Lcishmania infections, 
in ruled out by clinical examination or by the formol- 
|i •_! »). which is not positive in Chagas’ disease. The 
a/ •'! lie kuictopl ist of S. cruzi makes it distinguishable from 
trypuno>-;>nic$ in blood smears, and from Lcishmania in fixed 
tissues. 

Ireatm. nl and prewniion. No successful method of treatment 
is known. Mazza ct a!, say that Bayer 7602 relieves acute cases, and 
Pi/.zi et al. i 1953) found Primaquine and an antibiotic. Puromycin, 
to be helpful by suppressing the parasites temporarilv. thus enabling 
the host to develop resistance. For prevention, good results have been 
obtained by dusting or spraying with Lindane or dieldrin. The latter 
has good residual action. Uebuilding of better houses is being urged 
everywhere in Brazil and with good results. The town of Belo- 
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Horizonte, for example, is said to have been nearly freed from Chagas 
disease by remodeling of the houses. People accidentally bitten by 
triatomids, if conscious of it, should avoid possible contamination of 
the bite by the feces of the bug. 

Trypanosoma rangeli 

A trypanosome which is infective for man has been found to be 
harbored by a considerable percentage of RI,o<lmtis prolixus in Vene¬ 
zuela, Colombia, and Guatemala. It was named T. rangeli when dis¬ 
covered in R. prolixus in Venezuela by Tejera in 1920. Later a para¬ 
site which is now considered identical was found in four babies in 
Guatemala and named R guatemnlensis. Later, infections were found 
in a considerable number of human cases, and also in dogs, in \ ene- 
zuela, along with S. cruzi (Pifano, 1948). In 1951 Groot et al. 
described what is apparently the same parasite in a large number of 
people (67 of 183 examined) in the Ariari Valley in Colombia, most 
of them without S. cruzi. They described the trypanosome under the 
name T. ariarii which Grout later concluded was identical with 
T. rangeli. Subsequently, the trypanosome was found in humans in 
Salvador and Costa Hica. Zcledon (1954) considered T. eebus. 
described by Flocli and Abonnenc from monkeys in French Guiana, 
to be identical with T. rangeli. 

These trypanosomes, as they occur in the blood, are characterized 
by a small kinetoplast. rippled undulating membrane, anteriorly placed 
nucleus, and large size (see key. p. 136). Hcrbig-Sandrcuter (lft») 
made an exhaustive study of the tissues of animals experimentally 
infected with T. rangeli and was unable to find developmental stages 
in the tissues nor was there any evidence of pathology Contraiv to 
statements by some authors, there is no reliable evidence that T. 
rangeli has a leishmania stage in the vertebrate host nor has any other 
pathology in the vertebrate host been attributed to it. 

These parasites develop in the gut of Rhodnim prolixus and in a 
least one other species of Rhodnim. later invading the hemocoele and 
salivary glands of the insect. They produce pyriform, cr.tlnd.al, and 
metacydic forms, distinguishable from comparable stages of S. eruz, 
by the small kinetoplast and tin- extraordinary length attained by some 
of the crithidias-as much as 100 (Fig. 33). These trypanosomes 
are uniquely different from S. cruzi in invading the hemocoele and 
salivary glands of the host bug and in being commonly transmitted 
to the vertebrate by the bite of the insect. Since they are found in 
the posterior gut, as well as in the salivary glands transmission may 
also occur by fecal contamination of the bite as in S. cruzi. Astonish- 
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Fig. 33. Trypanosoma rangeli ( — ariarii). A and B, from cultures; C, from 
anterior part of «ut of Rhodnius; D, from posterior part of gut of Rhodnius; E 
and /•’, from human blood; G, dividing form from blood of experimentally in¬ 
fected mouse. (After Groot, Hcnjifo, and Uribe, Am. J. Trop. Med., 1951.) 

ingly, Grewal (1957) showed that T. rangeli is highly pathogenic in 
the intermediate host. This seems to be the only known instance in 
which a trypanosome is apparently nonpathogenic in the vertebrate 
but is pathogenic in the invertebrate host. T. rangeli is infective for 
Jogs, opossums, antcatcrs, and baby mice, as well as monkeys and 
man. 


0 r no'ogomiasis of Animals 

As m ted .it the beginning of this chapter, tsetse-borne trypanosome 
inlet by making it impossible to keep domestic animals, particu¬ 

larly c.AtL. \vl re even small numbers of tsetse flies are present, have 
been a tremendous impediment to the development of Africa. Some 
trypanosomas of animals have become partly or completely inde¬ 
pendent of tsetse fries, and have become a scourge in parts of the 
world far distant from the home of the tsetses. 

Species 

There are four groups of tr> panosomes that affect domestic animals. 
(For morphological characters, see key, p. 136. and Fig. 25.) 

1. The brucei group includes brucei . gambiense, and rhodesiense , 
which invade the salivary glands of the tsetse fly (Fig. 27) (see 
p. 1 T 1 ); and also three species that have become independent of their 
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ancestral tsetse hosts: etansi and equinum , which are transmitted 
mechanically by Stomoxys and tabanids, or even vampire bats, and 
are found in all tropical countries: and equiperdum, which has gone 
all the way in becoming independent of insects and depends on 
venereal transmission. 

2. The congolcnsc group includes congolcnsc . shniac, and donor, 
phon, which in the tsetse fly pass forward from the stomach to the 
labial cavity but do not invade the salivary glands. 

3. The vivax group includes vivax and unifonne . which develop 
only in the proboscis of tsetse, and do not survive m the stomach 

4. T. theileri is a large, nonpatlmgenic species >n cat le which 
develops in the posterior station in tabanids, and T. mclo,,ha g ,um is 
a similar parasite of sheep and sheep • ticks. UelopUag,* ovnws 

These species differ in their morphology (see Fig. l 5), m 
effects on various animal species, and in their response to drugs, as 
well as in their development in tsetses. The disease caused by^tl e 
tsetse-borne African species is called nagana; by the nda c. 
transmitted even si. surra; by equinum, mal-de-caderas; and In 
venereally transmitted equiperdum. dourme. 

T. congolcnse is the most destructive to cat le. 1 « « a sW 

SarSSSS - bv blocking 

-. 

sheep, goats,^meU. ^m<01oB s ^hu^ r Very^im | d^dBMse^mjMttle.^This 

parasite ^ 1 fa immune from its damage. 

“ r 1C mentioned previously, although cyclically 

1 ' . „ ...... sur vive outside tsetse fly areas, where it 

transmitted in ^etses. can SlomoxlJS and tabanids; it has 

depends on mec lau.ca "^-free area/ in Africa, bu, also in 
become established not on > |arge domest ic animals except 

tropical Ameri- t caus«d.s m pa , hoge „iei«y. from 

dogs, but different strains % »> b Ururei it 

rapidly fatal infections to chronic or cryptic ones. Like brace,, 
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leaves the capillaries and invades the tissues. The related T. uniforme 
is very much like vivax, but seems to be relatively harmless to sheep 
and goats. 

T. evansi t the cause of surra, is essentially a disease of camels, but 
it also causes acute and fatal disease in horses and dogs, chronic in 
donkeys, and transient in cattle. Its effects are quite similar to those 
of brucei, from which it and equiperdum have doubtless both been 
derived. T. equinum and some related or identical forms in South 
America are probably mere strains of evansi which have lost the 
kinctoplast (see p. 133). 

T. equiperdum is the cause of dourine, a venereal disease of horses. 
In addition to the anemia, edema, and wasting caused by all forms of 
trypanosomiasis in animals, this one causes acute inflammation and 
edema of the penis and vagina, and plaquelike skin eruptions. 

Treatment and prophylaxis. Formerly animals were treated, with 
only fair success, with antimony compounds and antrvpol, but in recent 
years two new drugs, dimidium bromide (phenanthridium) and Antry- 
cide in the form of methyl sulfate or chloride salts, have greatly bright¬ 
ened the picture. Antrycide is not equally effective for all the species 
of trypanosomes, being much more effective against congolense than 
against vivax, somewhat less against brucei, evansi, and equiperdum , 
and rather ineffective against simiae. However, in tolerated doses of 
5 mg. per kilo of the more soluble methyl salt it is curative for cattle 
\nd horscr., and in the less soluble chloride form a single dose gives 
r;^» chop igai ist infection for 2 to 8 months. A mixture of the two 
li* J a Tvo-s ilt. ’ given subcutaneously combines therapeutic 

* i • « uh r c vij iues. it lias been claimed, however, that the effect 
ng .i m:£;V •s 1 ’'* rather than prophylactic. Dimidium bromide 
c* \n b.ii is effective in smaller doses (1 to 1.5 mg. per 
v .' in some animals it causes photosensitization and is 
u\ . i e .aiiiit b. ucei, evansi, and simiae. 

; hev mics ire especially valuable when animals are temporarily 
exposed io ‘ y >kctions. e.g., in transit through fly belts, dry-season 
grazing •.*. :* areas, or in •.muclion with clearance schemes where 
tsetses are serially present. 

One of the darkest clouds on the horizon now is the fact that 
Antrycide-rcsistant strains of trypanosomes, particularly of congolense , 
can and do develop, which threatens the dream of Africa as a vast 
new home for contented cows. 
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Chapter O 

THE SPOROZOA 
I. MALARIA 


The Sporozoa include a large and varied assemblage of Protozoa 
which have little in common except a parasitic mode of life, the lack 
of any organs of locomotion during most stages of their development, 
and the evolution of a complicated life cycle usually involving an 
alternation of generations and the production of resistant stages winch 
in some cases are called spores. There is little foundation to support 
the inclusion in a single group of such diverse parasitic organisms a 

the Coccidia, haemosporidians. and gregarmes constituting the clas 

Telosporidea; the Myxoporida and Microsponda parasites of fi es 

and arthropods, constituting the class Cnidospondea; and tfie Haplo- 

sporidia, inhabiting many hosts from rotifers to fishes. H °"*' er - S, " C J 
i . «.»«• nn.for i simile conglomerate mess to several 
most protozoologists F shal | follow along and 

groups of very uncertain rciunonsmp*, 

fnclude all these varied organisms in the subphylum Sporozoa (see 
p.49). 


Classification 

All the parasites which concern us here fall in the class Telosporidea. 
which, following Jail,, and Jahn. and Hall, we shall classify in tins way: 

Class Tolonporidca ' Tn'ilii i ' 1 Tspitalls parasites of digestive tract and 
Subclass 1. f j nv( .' rtc |,rates, "here trophozoites usually live free, 

e.°ner d v " e[.!.gated. spindle-shaped organisms. These even- 
fuilh form gametoeytes either by direct transformation or after 
tuatl) tom g■. multiplications. Gametoeytes associate in 

° nC ° r ^ . rml vng mv, and then usually encyst, forming an 
SS, r535.55Si- are produced. The oocyst or “spore” 

_ . , is i he SiSST “rScally parasites of epithelial cells of inver- 
U C aS tc-bratcs : °and vertebrates, intracellular throughout most of the life 
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cycle. Sporozoites, naked or in sporocysts or oocysts, are ingested 
and enter tissue cells, where they multiply by repeated scluzogom. 
Last deration of merozoites develop into gametocytes. These 
fonn dissimilar gametes which undergo svngamy, forming zygotes 
enclosed in cvsts (oocysts) which do not grow in size, n hese 
sporozoites arc produced, usually in intermediate products o 
multiplication, the sporocysts. Intermediate host may or may not 

Orde!' 0 1 " U \ dele id a. Cametocytes dissimilar, associated during de- 

intermediate host 

fixed cells and iZ^s. In He„a,o:oo n 

“he n gfme.ocytcs enter leucocytes of birds or mammals ,F.g. 34JO. 

or without subsenuen . > Fertilization in arthropod 

game.ocy.es m red or whi.e $ many sporozoites. 

... 

thropods. r .metocvtcs in blood cells of vertebrates; 

Order 1. I J „ f g;imet es in arthropod hosts; pigment 

forma mn and s>. gam> * inva(M . , nc ludes true malaria 

.. and allied genera such as Han»o„ro,c„s 

and Leucocytozoon 


* Some rcci 


IU "V -j - 

classifications place the Haeinosporidia in the subclass Coccdnda. 


(Adapted from various 


iiiT 34 . Miscellaneous hlood-inhuhiting **«*»* 

authors.) r , , car l v developing schizoid in liver of duck. 

Leucocytozoon stnwtull A-C- ; hizoIll in liver of duck. x410; C, enlarged 
x 1640; li, later stage of "'*«• . (| duck Wood, x 16-10; E, ookinete in 

portion of li, xll«0; P . • ivcn); /.* oikvst in stomach, x 2500; 

stomach of Simulium (magnificat.on not g.xcn;. , . 

G, sporozoites, x 2500 also m s,ol “ ^ d ; ? and <$ ga.netocytes, respectively. 
Ua^oprote ,capillaries of pigeon. 

in pigeon erythro^ cs /. sch inonmm( . le:ir , cllC oc>.o of rat. 

epotozoon muns.K. c erythrocyte of turtle (differs from 

Ilaemotirctzartiui sp., L,- & «„v 

Haemoproteus in having no P|^" cattle . 

Anaplusma mar finale, M. in tryi 
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Order 2. Babesiida. Unpigmented forms in red corpuscle, dividing 
into groups of 2 or 4, rarely more, these probably being gamonts, 
which develop into gametocytes and produce gametes in ticks; 
with or without schizogony in various vertebrate tissues. Life 
cycles imperfectly known. Contains the family Babesiidae with 
the genus Babesia, the family Theileridae with the genus Theileria , 
and the family Gonderidae including the genera Gonderia and 
Cxjtauxzoon, all parasitic in mammals and birds (see p. 196). 

Of uncertain status: Toxoplasma , Besnoitia. Sarcocystis. 

Formerly another group of minute parasites of blood corpuscles— 
Bartonella, Anaplasma, Eperythrozoon, and a few others—was in¬ 
cluded in the Protozoa, attached as "riders" to Haemosporidia, but 
these are no longer regarded as Protozoa (see p. 218). 


Classification of Malarialike Parasites 


In this chapter we shall consider only the malaria parasites and 
their allies, i.e., the order Plasmodiida as previously given. This group 
includes numerous parasites which occur in lizards, birds, and certain 
mammals. Primates, rodents, shrews, bats, and hippopotami are the 
mammals thus far known to harbor them. Only members of the genus 
Plasmodium, which includes the human malaria parasites, undergo 
schizogony in red blood cells; the others undergo this multiplication 
only in fixed or (in bat malaria) in fixed and wandering macrophages. 
Before the exo-crythroeylic (e.e.) stages of Plasmodium became recog¬ 
nized as essential parts of the life cycle, this genus was segregated into 
a ser rate family of its own (Plasmodiidac) and the others grouped 
in t family. • laemoproteidac. but there no longer seems justification 

to cl issify tb organisms on the basis of type of 
c>:o-?r )thr * development or of their arthropod hosts have not 

i,„, _ ..... .... r i ...» 

Jeer ^:»eees.»tu! either. 

At the we may recognize the following genera: 


1 




gon. 


) 


otitrim: birds, and mammals; gametocytes 

forms in various tissues* but always 
noL id bodies (Fig. 3S): arthropod hosts mosquitoes 
i.tfiiP .i i: spec.cs; culiciiics, or rarely Anopheles, for bird 



). Vv 

•• 


UTJ* 


p ir**iter of birds: no erythrocytic schizogony; game- 
ted lymphocytes «>r red cells (Fig. 34 D); e.e. 
-C ) in parenchyma of liver, heart, or kidney, forming large 
111 irthi <i hosts, as far as known* hlackflies 

* ! h development in stomach (Fig. 34£-G). 

ofeits: parasites ol birds and reptiles; no erythrocytic schi- 
c. t s halter-shaped in red cells (Fig. 34//, /); e.e. forms in 
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endothelium of blood vessels, especially in lungs (Fig. 34;); arthropod 

hosts, as far as known, Pupipara. . , , . i u innrv 

4. Hepatocystic parasites of lower monkeys, squirrels ba s and h PPO 
potami; no erythrocytic schizogony; gametocy tes in red ceHs; e e^ 
cyst-like very large, in liver parenchyma; arthropod hosts unknown 

5 Species^assigned to Plasmodium until more is known about the n; 
parasites of bats and elephant shrews; no erythrocyt.c sdnzogony; gamrto- 
cvtes in red cells e.e. forms in one bat species in fixed and ssandenng 
macrophages and reticular cells of bone marrow; arthropod hosts unknown. 


Malaria and Malarialike Diseases in Animals Other than Man 

Haemoproteus infections. The elongated, halter-shaped gamcto- 

cytes (halteridia) (Fig. 34//, 1) of species of //nemo,trofens cumng 

around the nuclei of the red blood cells, have K-en fotmd t Mood 

of numerous species of birds (see Herman. 1844 • Ouspec ..^ 

columbae, is very common in pigeons althoun i worked 

I i xiw. u(n of three species nave been workeu 

very much harm. The life c>cle l Hippoboscidae and 

out. In two cases pupiparous QS in Mediate hosts. 

in the other flies of the gem, Leucoajlozoo „ 

species, L. simomh ( -anatn) of * , tw0 kinds—small 

cause serious losses The JJJJ ( p, 34 . A > an d "megalo- 

schizontsinparencdiymace a „d containing over a 

schizonts (Fig. 34B.C J d , een in macrophages and 

million merozoites, in the heart. • ^ cs of b i ack fl ies (Simu- 

heart muscle The '"tennedui ^ • ^ (1r . wholc sexU al cycle, 

liidae). In the case of L. sun * 04 r_G) usuallv 

including development o^f thc sporozoi ^ ^ ^ lhc 'salivary 
occurs in the stomach msteau 

glands are not commonly ^ birdg . The bird parasites 

Plasmodium mfeet.ons of ^ intwesl because of their 

of the genus Ptomor/iumare PJ and treatment of malarial 
extensive use in the study ()f p bcr g, lc i in rodents in 

parasites in general Until J upon a large extent for 

1948, bird malaria had to l» P* monkc J s wcre few and too 
screening anti-malar,al dnq, . „ was in ,>. galliuaccum 

expensive to be used on ud, a U ^ ^ ^ m essential 

of chickens that exo-erythroc) tic 

p.„ °f th. Of bird. m primarily 
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elongatum , circwnflexum , and many others, but gallinaceum is pri¬ 
marily a parasite of galliform birds and lophurae of some galliform 
birds and of ducks. Huff et al. (1947) showed that the behavior of 
these various parasites differs considerably in different hosts, so that 
it may not be easy to decide which are the natural ones. In unnatural 
hosts there may be no development at all; more or less suppression of 
either the blood or exo-erythrocytic stages or both; failure to produce 
gamctocytes; or lack of sexual potency of the gametocytes. Interesting 
examples of these conditions have been given by Huff and Coulston 
(1946) and by Huff, Coulston, Laird, and Porter (1947). The bird 
species arc transmitted by various species of Aedes and Culex , and 
rarely by Anopheles. 

There are two types of development of e.e. forms: the commoner 
gallinaceum type in which they develop in the fixed cells (macrophages 
and endothelial cells) of the brain, spleen, lung, and many other 
organs; and the elongatum type in which they develop in cells of the 
blood-forming organs and circulate in both red and white blood cells. 
In lizards, which harbor a number of species, both types of develop¬ 
ment occur, at least in some species. 

Mammalian species of Plasmodium. Typical species of Plas- 
medium , i.c., those which undergo schizogony in the red blood cells 
and are transmitted by mosquitoes, are found among mammals only 
in man and monkeys with the exception of two related species, P. 
berglwi and l*. vinckei. found in African rats and transmissible to 
various rodents. Both the primate and rodent parasites are trans¬ 
mitted by species of Anopheles only. 

Apes and monkeys l» u bor a number of species, some of them so 
closely re’ated to the >pocies found in man that there is question 
about their dbtim’msr. It is \erv likely that P. rodliaini of chim- 
pjnzee.: is id'-jy^al with / . mahmae of man.* P. cijnomolgi , which is 


ver* 
c # 
inii: ‘i 


■ > i 


vh 


'*•> 1 ’ ii a.x. I. is proved very useful in studies on the e.e. 
dru/s. I\ knoulcsi . which causes rapidly fatal 
i hi mi » monkeys, causes relatively mild and temporary 


in 



lull m.iiai 


mar. im! was once used for malaria therapy of syphilis. 

t. » v In-mg used experimentally in the study of mam- 
: i. but it dois v.ot show as close an affinity to the human 


. ._ .... the monkey parasites do. 

•* M interesting »ht was thrown on host-parasite relations of malaria 
ohseiA iti;>n that whereas rats are easily infected by 
sporozoite inoculation with P. berghei, mice can be 


nai.iMtcs by tin 
blood >r 


S cii 


■like 


■ 131: IS 12) have recently reported the transmission of 


parasite from the macaque monkey to man. 
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infected only by blood inoculation, showing that the conditions for 
the erythrocytic and exo-erythrocytic cycles may not be parallel in 
different hosts. 


Human Malaria 

History and importance. Malaria, meaning bad air. was so 
named because of association of the disease with the odorous atr of 
swamps, particularly at night, and fear of damp night air still exists 
even in the United States. Although historians and ec^nom. U haxe 
largely failed to recognize it. malaria must have played a large part 
in the history of the world and the progress of nations. 

The malaria parasite was discovered in the blood b> .‘'"'^ssion 
1880. In 1898 Ross experimentally proved the m.ssqu.U, transm ss,on 
of the disease and worked out the details in the case of bird mala a. 
Immediately afterward Crassi and his pupils, working independently, 
described the cycle of human malaria in Anopheles. 

Although malaria still ranks, as of this writing, as a 

in 1950 and by 19o5 a plan - progress , lad been 

Organization. By the end of cnuntries were plan- 

made in several countote. cra dication of malaria, a 

mng, carrying out, or ha co n ^ mults of this ambitious 
truly remarkable counerf « ^ attril)utl . d malaria num- 

program have bee. impress. , o , , ni || ion in 1955, and 

bered about 3 million ... 1 ^ jmportant aspcct fa the 

were perhaps 1 mdhon u b ^ ln India , for example, the 

economic advantage of malaria ^ (<) _ (K) million dollars 

total loss of ‘ nC °^ r| J C H *° al ,h‘ Organization estimates that malaria 

millton do,U„. - 
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tinique, Mauritius, Netherlands, Puerto Rico, Reunion, Romania, 
U. S. A., and Venezuela 

Even in such notoriously malarious areas as parts of Africa, India, 
and Ceylon, vast strides have been made in the control of this disease. 
In Ceylon, reduction has had the dramatic effect of arousing pessimistic 
warnings about liberation from disease without preparation for a bal¬ 
anced economy, which, they say, may as well lead to overpopulation, 
unemployment, communism, and war, as to peace, prosperity, and 
contentment. But as Russell ably pointed out, withholding public 
health cannot possibly restore a balance that never existed in the 
past and cannot in the future without public health. 

During World War II malaria was the number 1 problem of 
nonimmune troops and caused tremendous havoc in the Mediterranean, 
India-Burma, and South Pacific theaters of operation. At the fall of 
Bataan, when quinine ran out. 85 */< of every regiment had acute 
malaria. In the South Pacific campaign, malaria caused more than 
five times as many casualties as did combat. In April 1942, the case 
rate on Efati was 2078 per 1000 per year, and on Guadalcanal in 
November 1912, two months after occupation, the rate was 1800 per 
1000 per year. I hut was before the importance of malaria was real¬ 
ized, and before strict malaria discipline was developed. When it 
became apparent that malaria had to be licked before the Japanese 
be, the fob was successfully done bv the combined efforts of 


entomologists, sanitarians, engineers. 


martial, and 
the world’s 


malaria rates dropped 
verst malaria! areas. 


physicians, and occasional courts- 
to 10 to 50 per 1000 in some of 


: via Dr* a *n the * niled States. Opinions differ as to whether 
malaria existed in mcrica in pre-Columbian days, but it developed 

■ during colonial and pioneering 
Charity Hospital in New Orleans 
from loll to is 17 13 vure < ■ fevers” and 20% as “inter- 

’ ( .mand of 878 men below 

in 14 months! 

ntry malaria was prevalent in the 
• H is in the South, but it died out 
g< ly as the result of agricultural 
better hygiene, and household spray 


j *. i hese factors were redae 


i#ctier uygicne. ana Household spray 
mg the disease in the South, but there 


h stened by the development of a DDT 
' iviiian malaria mortality decreased over 
nd 1945, and in the early 1950s malaria ceased 
l, ‘ ' ' ' ' “ endemic disease in continental United States. In 1951 
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the National Malaria Society voluntarily ceased to exist because its 
goal had been attained-surely a unique occurrence ... public health 

Species of Plasmodium in man. Four species of Plasmodium are 
capable of causing malaria in man. One. P ovale, ,s veryrare,though 
it has been found in such widely separated parts of the v.orld a, Wes 
Africa, South America, Russia, Palestine, and New Cmnea. The otlu 
three species, P. vivax, P. malariac. and P. falaparum, are common 

i.is 

prevalent in both tropical and temperate zones. It . the cause . 

s:=w=%»:S5=: 

infections of many years duration. • / / Jt j, as a 40 . 

the tropics but does not thrive a* ’ ^ orma , ignant tertian." 

to 48-hour cycle of development and . prc f t . ra bly called 

"subtertian" or “aesUvo-autumnal r^^piou. disease than 

"falciparum malaria. It cans - • wi|hou , relapscs , seldom 

the other spec.es b>. runs a h^ re i„fection. The principal 

lasting more than 8 to W "» , between the human spe- 

morpl.ological and phys.olog.cal 'dferences , ^ ^ ^ ^ 

ties are indicated in the tab i on l • falciparum, there arc 

«, led wo of fhe l»»« - rn* “ “ dicibu. 

races or strains differing m tl.e.r cl.mcal course 1 , K 

tion, and ability to produce >mmnm> ^ , iuman parasites except 

There is no animal resen Malarja cann0 t, therefore, be 

possibly chimpanzees for P. d iria to thrive there must be 

acquired in uninhabited region ^ t Am , p/lc / M> and easy 

infected human beings anil P RI - 

contact between the two. t urc of the life cycle of all 

Lif. cycle. AlW .he 1c -H »— 

species of Plasmodium ui s • . ^ f practieal consequences, 
between them winch base shown in Fig . 37. Although 

J^oS 1 Circumstantial evidence for its correctness is 

very strong. wh en sporozoites are injected by a 

EXO-ERVTHROCYT.C ^ a , once to start their develop- 

mosquito they do not enter t ) 



I 70 Introduction to Parasitology 




Fig. 35. Comparison of three common species of malaria parasites, illustrating 
diagnostic characteristics in each Mage. ,\. Plasmodium vivax; B, P. malariae; 

' ;, l/}(;rum: l > r,,,R growing schizonts; 3, grown schizonts with 

, ' , 8 nucleus; •/, segmenting parasites nearly ready to leave corpuscle; 5, 

female gametocytcs. 


' Vi,hin a fl ’ w after injection they leave the blood 

sllCJ '" ‘ md cn,< -' r ce| ls where they go through at least two schizo- 





V.'tC 


3^/ r " im.'i 

5 



?: °'r ! ‘: ’■ 2. ring stage; note corpuscle 

-J ^ S ‘uffner* dots. 3 , young sdiizoot; note Irregular dupe of oor- 

.... . j bZZET SCC " in 4 "* 5 ■ ->■ dividing schizont; 

. ;•••'• ^ t07l,, ‘ ; « :,ml "»'"<* parasite. 5. segmenter; note only 8 

. •' ,,n 'V. '* «. female gamctocyte; note 

I ,li, •' I , <«-pt for shape of corpuscle and presence of 

25, 1922.) " ,D ‘ W “ ^ BgUreS '’> h'u><-. Nicol. and Shute, Parasitology, 

preervtlirocvti' i ' n ''“ lllllZ ,lu ' blood. The first generation of these 
llo ie e, . T, ;tre call « l b >' Huff "cryptozoites”; the 

°"0" lng 0,RS he CaUs ,nc tacryp,ozoi,es." The parasites then invade 




v^s 1 ; 


Erythrocytic 

Schizogony. 


Relapse ij 


Blood System 


Fig. 37. Life cycle of Plasmodium vivax. partly hypothetical. 1, sporozoites 
injected; 2. sporozoite* entering liver .ell 3. ^rythrocyUe se nzouon> . ■ 
erythrocytic schizogony, repealed indefinitely; 10-14. development o ,5 and 9 

salivary gland cells and ducts. Althougl. the ookinete is p,Cured " 

the stomach wall, recent evidence indicates that 'he zygote may he ncllanuall 
pressed into the stomach wall and that the ookinete is no. involved (see „ I -6). 
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the blood stream and enter erythrocytes, but in some species, at least, 
the exo-erythrocytic forms may continue to multiply indefinitely. In 
some bird species in favorable hosts, when erythrocytic parasites are 
injected instead of sporozoites, some of these may penetrate the tissues 
and become exo-erythrocytic. To distinguish these from the pre- 
erythrocytic forms Huff and Coulston (1946) use the term “phanero- 
zoites,” but obviously, except at the beginning of an infection, there 
would be no way of distinguishing exo-erythrocytic forms derived 
from sporozoites from blood forms that had reverted to an exo- 
erythrocytic life. The exo-erythrocytic forms do not have pigment 
granules in them. 

Although easily studied in bird malaria, especially in P. gallinaceum 
infections, the exo-erythrocytic stages long escaped detection in mon¬ 
keys and man. It was, however, certain that they existed, since the 
sporozoites disappear from the blood stream 30 minutes after inocula¬ 
tion and continue to hide out until 6 days later in vivax infections and 
8 days in falciparum infections. Shortt et al., in 1948 succeeded in 
finding the schizonts in the parenchyma cells of the liver of a rhesus 
monkey after very heavy inoculation with sporozoites of P. cynomolgi 
and subsequently found the pre-ervthrocytic schizonts of P. vivax in 
the liver of a heavily infected human volunteer. In 1951 Shortt et al. 


similarly demonstrated the pre-crythrocytic forms of P. falciparum , a 
finding which was confirmed by American workers (Jeffery et al. 1952) 
y*' 1 •• 1 1 with enough sporozoites to be equivalent to 

20 ' { )0 •' mosquito bit More recently Gamham et al. have 
d ' 1 -ms of P. male, in the human 

l ' -crythrot chizonts of P. falciparum (Fig. 38) are 

le 40,000 minute merozoites, 
• days after insertion. Those of cynomolgi and vivax 

1000 merozoites, and take 8 days to 

develop. 


• •• r history of falciparum inf< c Kons suggests that in this species 

1 within a few weeks; when 
drugs no relapse occurs. Bray 
' ' v < i the development of the human 

• id malariae infections, on the 
m to persist, causing relapses 
v or drug treatment makes it possible 
- blood stream. In some strains of P. vivax, 
•-vei tec p. ISO), there is a long latent period of many months 

1 r* Pr , imar> attack » which sometimes fails to develop at all, 
the msl re,a P se > apparently due to failure of the parasites to try 
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to invade the blood stream rather than to any barrier caused by 
immunity. 

Apparently in vivax infections the erythrocytic forms do not revert 
to exo-erythrocytic life as they do in gallinaceum infections in birds, 
for in vivax infections induced by blood inoculation no relapses occur 
once the blood parasites are destroyed. 



F g. 33. Left: I'rc-rrYthrocytic *cbizont of Plasmodium falciparum in human 
liver 0 days after infection by mosquito bites. Rfe/j/: Reconstruction of a 
mature '< htzont. (From figures by Shortt ct al., Trans. Rot,. Soc. Trop. Med. 
It'JZ. 14 . 15151 .) 


Oil the 1 .MS of the lack <*! further c\o-erythrocytic development in 
, . 'parum infr t. ik Bray fcc\ that this species should not be retained 

,,Ml ,!l •* separate genus, Laverania , which 
; r.onym of Plasmodium. Brays 
• e • • n id. Table merit, but for the present the 
ct' hdclpannn in Plasmodium. 

A’v.’.r , .veek or ten days after mosquito 


ihe gent 
many work 
SUP'” »tiru 

autiu- • •• 


rl 


er\ 


ibroeylos and begin a process of 
' « the parasites seen in the corpuscles 
H appears like a little signet ring 
• .. ir.*isp irent or vacuolated area in the 
1 * by a delicate ring of cytoplasm and 
’d- the setting in a ring. With the usual 
the cytoplasmic ring stains blue and 
' I vivax, malariae , and ovale are 
the blood cells and are indistinguish- 
>»e only about half this size, have hair- 
! on tlic periphery of the corpuscles; 
‘ P ” : ' ' i ?uo or *”°rc rings are common. 


t;. 


Ch’en.s 
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As the parasite grows larger it becomes rounded or irregular in 
shape. In Plasmodium falciparum the infected corpuscles at this s age 
become viscid and clump together in internal organs and are' not e 
in the peripheral circulation, but those of the other speces continue to 
circulate in the peripheral blood in all stages. As noted m the tab'e on 
p. 173, vivax infections are distinguishable m all stages beyond the 
rings by the enlarged, pale corpuscles which they 
with red-staining granules called "Schuffners dots (Fig. 3oA,2-o). 
Similar dots appeal in ocalc infections, but the iinfected ^^riac 
oval and not enlarged (Fig. 36). No such dots app™rm mabmc 
infections, and the infected cells fai to enlarge or 8^“ 
falciparum infections the infected “Maurw s dots '; they 

S!lSrS U Sm.,v also have a bluish stippling. 
‘’Tslhetrasi^ grow, the nucleus divides into two. ^om.mjd 

eventually more parts. As matiirit\ approac ^ ^ ^ portion of 
take up peripheral positions in t ic “" /on SCRmen t e rs eventu- 
the cytoplasm concentrates around in '^ ic h d,ev have developed, and 
ally break free from the corpuscles ;u .j. new corpuscles and 

the individual merozoilcs thus i " • ( different species 

repeat the process. The number of mcro/mtes m the 

is shown in the table. , , exclusively the young tame- 

The merozo.tes of nmx atta * 1 ^ o| mll , (lril , c the older ones, 
ture corpuscles (reticulocytes) . t , )at are i, nn dy. The result 

but falciparum indiscriminate > « - ^ ^ r; of thc corpuscles 

is that vivax parasites are soldo whereas falciparum may 

and malariae in seldom more than m aOU. 

infect 10% or more, with dm* rest' 1 f ^hind when the parasite 

The pigment and other waste^ deposUe d in the 
breaks up are released nit ^ causjng lhe sallow color so 

spleen or other organs, or u t j ic t j me of the bursting of 

characteristic of malarial pa Hen s. ^ ^ ||h , characteristic par- 
corpuscles and release of " - ,s I 

oxysms of chills and fever are J ^ ^ ^ malure />. civax> ovale . 

The species differ in the I ^ which complete the schi/o- 

and falciparum take about ll()urs whence the names 

gonic cycle, whereas P. »>a from thc old Roman method 

tertian and quartan. on wlli ch something happens as the 

of figuring, which counts t . bejng |herefore the third (tertian). 

first day, the second da> M 8 four , h (qliar , an ). Although the 
and the third following d.. n or - 2 hours, the 

schizogonic cycles of the human spcc.es 
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paroxysms, particularly in early stages of vivax and falciparum infec¬ 
tions, commonly occur daily (quotidian), presumably because the exo- 
erythrocytic forms enter the blood at various times and consequently 
different broods mature on different days. The liberation of mero- 
zoites does not take place at all hours, however, but is timed by some 
physiological condition in the host and is largely concentrated within 
a few hours on each day. In falciparum infections the sporulation of 
all the parasites is less closely synchronized than in the other species 
resulting in longer drawn out paroxysms of chills and fever. 

After a few generations of schizonts have been produced in the 
blood some of the merozoites have a different destiny. They grow 
more slowly, produce more pigment, and develop into large single- 
nucleated organisms. 'I hese are the gametoeytes, which continue to 
circulate in the blood for at least a number of weeks, but undergo no 
further development within the human body. The gametoeytes of 
falciparum are crescent shaped, whereas those of the other species are 
rounded. Distinguishing characters of the gametoeytes of the different 
species and of the males (microgametocytes) and females (macro- 
gamctocytes) are shown in the table on p. 173, and Figs. 35 and 36. 

mosquito CYCLE. When removed from the warm blood by being 
sucked up by a mosquito, or even if placed on a microscope slide, the 
microgametocytes undergo a striking development. The nucleus 
quickly divides, and within 10 or 15 minutes six to eight long flagella- 
like structures are extruded; the parasite is then known as a “flagellated 
bod >'- Tbis Process of exflagellation is in reality the formation of 
microgametes. These slender structures break free and swim actively 
among the corpuscles ingested by the mosquito, in search of a macro- 
g.mu <. The macrogametes meanwhile undergo little change except 

' -come rounded (Fig. 37, J5, 16). 

T. i sesult of the union of the filamentous microgamete with the 
VC female gamete i got If this rounded zygote is on the 
‘ 1 111 "* 11 c ’ neaiitm y be lodged between the cells of the 

all, these cells becoming extremely flattened when 
: ", di f tended by the meal of blood. Those unfortunate 

V 1 lV, !° do not rea <tomach wall elongate into worm- 
— >« (Ires winch have been called ookinetes. The ookinete, long 

ivasive fori .parently a dying parasite which is 

. ‘ ,K 'V“ Ir ‘ 1 “ C 'Y . ° l tbc nws( i uito * Those zygotes which are pressed 
u iiit' io ulai areas of the mosquito stomach actually become 

' "r;? n . ' J ,C put cclis as di ^tion of the blood meal progresses 

ai.o the stomach wall cells become first cuboidal and finally elongate. 

“ e CVenl> 1,avc recentK- been demonstrated by Howard (1960). 
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The long held assumption that the ookinete is a motile invasive zygote 
is an excellent example of a concept based on observations which 
were never made. Under the limiting outer membrane of the mosquito 
stomach, rapid growth of the parasite takes place, and a cyst wall 
develops. The oocyst thus formed protrudes like a little wart on the 
outer surface of the stomach and grows until it is 50 to 60 n in diameter. 

Meanwhile its contents undergo important changes. The nucleus 
divides repeatedly, and a number of faintly outlined cells called spore- 
blasts are formed, varying in size and number (Fig. 37, 23). As 
further nuclear division occurs, dots of refractile chromatin arrange 
themselves around the periphery of each sporoblast. Granular streaks 
appear in the protoplasm, and slender spindle-shaped sporozoites 
develop, each with a chromatin dot as a nucleus. The sporoblasts, 
meanwhile, enlarge and coalesce, vacuoles form in them, and a sponge¬ 
like mesh is produced (Fig. 37. 24). Eventually the sporozoites, each 
about 15 u in length, break loose from their moorings and form a 
tangled mass in the oocyst, which is crammed with them to the burst¬ 
ing point (Fig. 37, 25). Such an oocyst may contain more than 10.000 
sporozoites, and there may be as many as 50 oocysts on one mosquitos 
stomach. In about 10 days to 3 weeks, according to temperature, 
after the mosquito has sucked blood containing game.ocytos, he 
oocyst becomes mature and bursts, releasing t ie sporozoi cs 1 n o 
body cavity of the mosquito. From here they make their ua> J> the 
three-lobed salivary gland lying in the fore part of the thorax and con¬ 
necting with the proboscis. They assemble ... the cells lining the 
salivary glands (Fig. 39); there may be up to 200,000 in one mosqui. 
The sporozoites now invade the lumen of the ducts and are discharged 
with the saliva when the mosquito bites. Many more may be chs- 
charged at one bite than at another, but it takes 20 bites or more to 

° nc n c " ,sh ' 

on August 5 and was finally dissected on November 16 ° f "' e 
year, with active sporozoites still in its salivary glands. In the rman- 
time it had spent a hectic life in incuhators re rigcrat.irs h p . k 
railway trains etc and had successfully infected more than forts 
general paraly’sis patients as a means of treatment Humidity' does no 
affect the cycle of development in the mosquito if the mosquito itself 

“ylhe number of oocysts which develop on • -ojjj^ 
ach is proportional to the number of gameocytesm the boodsuckcd 
but only a small percentage actually develop. The number o spom 
zoites in the salivary glands may have little relation to the number 
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of oocysts; sometimes the development never goes beyond the oocyst 
stage. The oocysts of various species of malaria parasites are distin¬ 
guishable by the number and character of the pigment granules, ac¬ 
cording to Shute and Maryon (1952). 



/ u 39. • pper: One lobe of 3-lobcd salivary gland of an infected mosquito. 
I'oving s|> >r* zoites in oils and lumen. Lower: Stomach of Anopheles quadri - 
sr.qculalus, shewing ooc\sts of rlaxmvilium vivax. 


I he hi! on u < s in »he mosquito development of the different species 
ue only miior. Infective gametocytes of vivax may appear in the 

" i ’ if :• the first appearance of the para- 
*' kS 1 v ' s 1 ' " ur.ctocvt s per cubic millimeter of blood may be 
M ! *•*'■ '•* Anouheh ]uodrimaculatus. Infective gametocytes 

" . i ui til 10 days after appearance of the 

: 1 '' ' no hifectu ns *. r A. quadrimaculatus are successful with 
l! iOl ganctocytc per cubic millimeter. However, there 
1 relation b t\v*«n the number of gametocytes in the blood 
‘ •i,hc* 1 Vv i mosquitoes; the gametocytes in some patients 

seem to be quite w * although the reason is unknown. Some¬ 

times when bird malaria is inoculated into unfavorable hosts the 
gametocytes lack sexual potency although normal in appearance. The 
ci - ci ot drugs on viability of gametocytes is considered in the section 
on treatment, p. 1ST. 
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Temperature affects the time required for development in mos ^| > ,oe ^ 

At 85° to 90° F. both falciparum and cic ax may [ 0I ™ s P° r _ 

7 or 8 days, though the mosquito mortality is lugh; 9S F or e '^ 

hours prevents development entirely after an infective mealed hat 

temperature for 18 to 21 hours kills growing oocyst 

ooevsts develop in 9 days, falciparum in 10 days, oval ■day . and 

maiariac in 15 to 21 days. Vlc« stands low 

falciparum; the former has its development 

- - 

* -*«** be,ow 

‘'‘The disease. Although the course of a typ-eal .mOaW, 

be profoundly modified by treatment, immunity, etc., part.c 

old or repeated infections. an d symptoms 

In some cases the gastromtestmaUract * £ ^ ^ ^ .nalarial 

resembling cholera or dyscntin ^ thronjc dysentery infection, 

infection alone or to the hjto"« P^ ^ or bron chopneu- 

In some the symptoms art s -- >f t . nct . p l ia litis or meningitis, 

monia; in others, of dengue: «" °* aiiemia. albuminuria. 

Sometimes the only symptoms . jmliv jdual who has lived in 

malaise, or digestive disturbani • • ■ f chronic infection not 
a malarial locality and ^‘>2^ of malaria and his blood 
otherwise diagnose, should • 1 examinations should he as 

should be examined for it. Sue 

routine as Wasscrmann tests after completion of one 

In typical cases of primary ^ ^ t)|e parasites invade the 

or two pre-erythrocytic cyjk » jnfct . ti „„, aI1 d are demonstrable 
blood stream about 7 to 14 day . ■ ^ < { appearancc „f blood para- 
in the blood a few days attr > infections and longer m 

sites is usually a little shorter m ^ te|nlx . ratc . ZO ne strains 

maiariac infections. In , " f ' t f ,, e 1)lo() d, resulting in an early primary 
of P. vivax this early invasion produces such mild attacks 

attack, sometimes either fails to develop, m^produc^^ ^ ^ ^ 

as to be unnoticed. Character! ^ 200 pcr tub ic millimeters 

sites have reached a conccntrat 

of blood, or about one billion fcver 0 f ma laria are eorre- 

The characteristic r «" ir, ''' j broods «,f merozoites from dis- 

late.l with the liberation of sucii'si 



180 Introduction to Parasitology 

rupted blood corpuscles. As noted on p. 169, the interval between 
spoliations of the parasites and consequent paroxysms is at first irregu¬ 
lar, tending to be quotidian before it eventually assumes the typical 
48- or 72-hour cycle. In relapses and in subsequent infections the 
appearance of the paroxysms on every second or third day may be 
apparent from the beginning. 

Each attack begins with a shivering chill, sometimes accompanied 
by convulsions so severe that the teeth chatter, gooseflesh stands out, 
and the bed rattles. Yet the temperature will be found to be several 
degrees above normal and still going up. In the wake of the chill 
comes a burning and weakening fever, with violent headache and 
nausea and a temperature up to 106° or even higher. The fever stage 
in turn is followed by a period of sweating so profuse that the clothes 
or bedding may become wringing wet. The sweating gradually sub¬ 
sides, the temperature drops rapidly, often below normal, and after 
6 to 10 hours the patient rests fairly easily until the next attack. The 
fact that the attacks most commonly occur between midnight and 
noon, instead of in the evening, is often useful in distinguishing malaria 
from other intermittent fevers. 


In P. vivax infections the paroxysms of chills and fever continue 
every other day for 8 or 10 days to 2 weeks or more. Then they 
become less pronounced, the parasites become sparse, the patient feels 
well, and his temperature becomes normal. Sooner or later there are 
relapses, in which the intermittent chills and fever begin again. In 
temperate-zone strains of P. vivax (e.g., St. Elizabeth), after the 
prinun\ attack (it any) has subsided, the exo-erythrocytic parasites 
usually rem lin quiese ent foi 6 to 11 m inths, commonly about 9 months. 

1 ,l resting i xample of thi d in a nonendemic area In Cali¬ 


fornia (Unmet1951). A 
malaria while camping nc-a 
was apparently res pen ii L 
liad incubation peirods ol 1 
unci 1 7 to 10 months later. 


rai uffered a relapse of vivax 
.m enr umpment of Campfire Girls and 
-i: cases among the girls; 9 of these 
> days, but 25 showed no symptoms 


When the relapse, begin 
repeatedly at intervals of i 


Wr iiv! long latent period they occur 
in -t.il* or so. After these have subsided 


Korea) du out, but others may persist 

1 1 “ 1,1 between primary and relapse attacks 

;n > been observed in strains ol P . vivax from United States, Europe, 
iVh-.dag.iscor, and Korea. In at least some vivax strains that are of 
Topk.d origin, on the other hand, e.g.. the “Chesson" strain from New 
■uiita, there is a series of short-period relapses, gradually spaced 
further apart and ending after about 18 months. The spacing and 
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probability of relapses are, however, apparently influenced by dosage 
of sporozoites, acquisition of immunity, and administration of t rug 
(see Coatnev and Cooper, 1948). It is commonly accepted1 tha 
relapses after long periods may be brought on by such P'»-olog.ca 
shocks as exhaustion, childbirth, operations, alcoholic bulges, etc., 

there is a dearth of controlled evidence. 

After repeated attacks the patients vitality is lowered, he -became, 
anemic, his spleen enlarges, and he finally reaches a chrome run-down 

condition at least when there is poor nutrition. 

P. ovale infections are not prone to relapse and are more susceptible 

than any of the other species to drug treatment. intervals 

In P Mae infections the paroxysms occur a 

are milder and of shorter duration recur more r^ukw v ; n d da ^■ 

Hons persist for a longer time. The m.lder nature o he de^otten 

SErtts, -= : 

,Ud, „I all the nephritis ££££> . » 

In falciparum malaria we • y illfet . lions are seldom 

In natives of hyperendemic localities 1 > ^ jn vjsitors . The 

seen except in very young children • . fi d )as t 12 or 14 to 

p, ro „„, of chilis and a W. »»<* 

36 hours, are severe in nab* • • ^ one ,, as entirely subsided. 

sometimes beginning before P ^ n( js sjck and does not 

On days intervening between • . llreat l y noted, the para- 

have a “well day as in uvax rous an d the spleen becomes 

sites frequently become excessis<_ ^ ^ V e 105 F.. and is often 
very large. The temperature ' ^ ^. ^ Thc a „ acks usually last 8 
accompanied by vomiting ar a f ew days, 

or 10 days, and then the temperature slopes o^ ^ ^ 

however, there is a sec ®^ l " s continue in declining severity 
severe, and these recrudesce r af , cr which they become 

every 10 or 12 days for abou 6 ^ b( . infective. In the 

more irregular, , ast , US ually dies out completely in 6 

absence of reinfections in lh e tropics, however, no such 

to 8 months. In mi,lar, “ l . js more or less continuous. Under 
course is seen, since reinfection , "curriers" harboring 

these circumstances the fouIK , i„ blood smears, and show- 

- * ■» “ *• 
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hand, as in southern United States and Italy, the infections die out 
in cold weather and fresh outbreaks occur every year. 

A number of pernicious conditions may develop, usually in falci¬ 
parum malaria. The tendency of corpuscles infected with P. falci¬ 
parum to cling together results in clogging capillaries and preventing 
the proper flow of blood in vital organs. In the brain this, as well as a 
direct toxic effect, leads to numerous symptoms, among them total loss 
of consciousness, or coma, and sometimes sudden death by a “stroke. 
This “cerebral malaria” causes a large fraction of malarial deaths. In 
some cases violent gastrointestinal symptoms resembling cholera, 
typhoid, or dysentery develop, and in others, heart failure or pneu¬ 
monia. Falciparum malaria is always an accompaniment of black- 
water fever, but its exact relation to that disease is still uncertain (see 
p. 191). 

Prenatal infection is not infrequent, especially in falciparum malaria. 
Gastrointestinal and pulmonary forms of malaria are especially com¬ 
mon in infants. 

Immunity. The nature of the acquired resistance to an existing 
malaria infection and immunity to superinfections has been extensively 
studied. From the very beginning of an infection there is considerable 
destruction of the parasites. Knowles pointed out that a single para¬ 
site producing twenty mcrozoites at each successive multiplication, if 
unchecked, would have increased in 20 days to the point where there 
Id 1. ..nout four parasites to every blood corpuscle, if the patient 
could hve that long. 


M.Ji i t f ...nation, most of »t probably applicable to human malaria, 
Vt' Seen )i)tained about the development of immunity in malaria of 
Sir :*r- ; monkeys. Huff and his colleagues showed that in bird 
ir.a! .iia immunhy to bicod forms does not protect against exo-erythro- 
cyb’c iorrus. and tl;«:v think it possible that two different antibodies 
nut ' Ik involved, in human malaria where the e.e. forms are far less 
abundant than in some bird species, it is doubtful that complete im¬ 
munity to e.e. forms ever develops. 


The mechanism on which the blood immunity depends has been 
demonstrated by Pahater.o a«d his c~llc.:gues to be mainly' phago¬ 
cytosis by cells of the i ctcn’o-endoihclial system, particularly' in the 
spleen, liver, and hone mr.rrow. "^hc phagocytosis begins probably at 
once, and consists of the engulfing and destruction of the entire para¬ 
sitized blood corpuscles and not merely’ the free merozoites. This 
destruction ol invaded corpuscles is believed to be an important factor 
in malarial anemia. As the disease progresses the activity of these 
voracious cells is gradually increased, and they begin multiplying in 
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number until a climax is reached when the rate of destruction of 
parasites greatly exceeds their production. At this time the liver and 
spleen are enlarged and show great activity of the phagocytic cells in 
them. There is also a marked increase in lymphoid tissue to build a 
mesenchymal reserve for the rapid production and mobilization of 

more macrophages. . , , . ., 

This condition gradually declines during the latent period, but rapid 
mobilization against fresh invaders of the same species may occur for 
years, especially if the infection has not entirely died out. The immu¬ 
nity is. however, highly specific, and not only fails to protect against 
attack by other species but sometimes even by other strains of the 
same species. In well-nourished and healthy individuals, as long as 
the parasites persist in the body in an exo-erythrocytic reservoir, as in 
oivax and malariae infections, or are constantly being reinoculated, as 
in falciparum infections in the tropics, the immunity, once developed, 
is restimulated as soon as it begins to fail because of scarcity or lack 
of parasites, and no clinical relapses can occur. Only unhealthy indi¬ 
viduals, who are unable to provide for rapid formation of antibodies 
or phagocytes in response to a renewed stimulus, sufler a relapse be¬ 
fore the body reacts. . . , , . 

The presumed absence of an exo-erythrocytic reservoir ... falci¬ 
parum infections, and the wiping out of the blood infection ... 6 or 8 
months, before a high enough degree of immunity is built up to persist 
very long, results in the tendency of this infection to break ...to epi¬ 
demics in areas where conditions are not suitable for continued rein¬ 
fection, c.g., on the fringes of the tropics (see p. 189). Under such 
conditions it may be dangerous to control malaria partially ... a hyper¬ 
endemic area or to create a nonmalarial oasis in its midst unless facili¬ 
ties for prompt treatment of cases are available. 

Infants in hypercndemic areas do not suffer as much as is some¬ 
times thought from malaria infections since, as in the case of a number 
of other diseases, they are passively protected by the mothers anti¬ 
bodies until they begin to develop some of their own. 

Negroes have a higher degree of tolerance to P. vicax than do non- 
Negroes. Many are refractory to infection even with exotic strains 
to which they could not have developed specific immunity. Watson 
and Hice in a study in the Tennessee Valley in 1946 found that al¬ 
though the parasitemia rate in Negroes was five times that in Cauca¬ 
sians, the latter experienced about ten times as many reported cases 
of malaria and over fifteen times as many sick days. 

Epidemiology. As a result of the work of Boss and Grassi, which 
set such an important milestone in the progress of preventive medi- 
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cine, malaria is now known to be transmitted naturally, except in some 
prenatal infections, only by the bites of certain species of mosquitoes, 
all belonging to the genus Anopheles. 

The only important exception is in the case of heroin addicts, who 
frequently pass infections around by means of hypodermic needles. 

More than a hundred species of Anopheles have been described, but 
less than two dozen species are of any real importance in the trans¬ 
mission of malaria, except perhaps in local areas. This matter is dis¬ 
cussed in the chapter on mosquitoes (p. 715). As shown there, some 
species are eliminated because they do not readily nurse the malaria 
parasites through their sporogonic cycle; some are eliminated because 
of their habits; and others are of no importance on account of their 
rarity. Local conditions may influence the importance of particular 
species of mosquitoes in transmitting malaria, and therefore local 
epidemiological surveys to determine the prevalent transmitters are 
important. Since the different species vary greatly in their breeding 
habits, control measures must depend on the habits of the particular 
species involved. 

Malaria does not become endemic wherever suitable Anopheles 
mosquitoes occur. A small deviation above or below the critical point 
may mean the difference between ultimate extermination and perma¬ 
nent establishment. MacDonald (1952) speaks of a "critical density,” 
meaning the average number of Anopheles bites per person per night 
below which there would be progressive reduction of the disease until 
it became extinct, as has now happened in the United States. The 
critical density is determined by a number of factors: number of 
mosquitoes, fondness for human blood, life expectancy of the mos¬ 
quitoes, frequency of feeding, extent of development of parasites to 
the sporozoite stage, etc. For example, where malaria is transmitted 
by such mosquitoes as A. gnmbiae , A. funestus , and A. minimus , the 
critical density is low (0 029 for A. gambiae) and we have stable 
malaria; where transmitted by such species as quadrimaculatus and 
(ifbimanus , which have high critical densities, malaria is unstable, i.e., 
easily influenced by environmental and climatic changes. 

food preferences of various different species or varieties of Anoph¬ 
eles are of prime importance. The presence of abundant Anopheles in 
certain localities in Europe without accompanying malaria when 
neighboring localities with fewer Anopheles might be highly malarious 
was a mystery until it was found that the European A. tnaculipennis 
really consists of several distinct races, some of which are "zoophilic” 
and only exceptionally bite man. whereas others show no discrimina¬ 
tion against human blood (see pp. 725-728). Tendency to enter 



185 


The Sporozoa: Malaria 

houses and particularly to rest in them after feeding, is of great im¬ 
portance in connection with the effectiveness of DDT residual spray¬ 
ing- the latter causes great reduction of malaria where such species as 
qu 'adrimaculatus and darlingi are the transmitters, but has little effect 

for instance, there is little transmission, even with abundant potenhal 

^Thrsped'e^or sfratnTofTnalaria parasites are also important. 
mosquitoes bec-ome mfected much more eas^ 

r-CSi ?z cut 1 tuzz 

^'^ii "r=5 

birdmalaria. found that refractoriness of mosquitoes to malarial m- 

f^IhriWSS of cie« malaria rarely occur since 

to exist in the host for -ral^ep- 

p 6 ZJZo iSoSLTrmVeign parts couid an epidemic occur. 
In hyperendemic tropical regions there are no ,ale,.arum epidemics 

either the reason being constant reinfection . 

n subtropical areas where climatic conditions are such as to cause 
‘V lLnl reduction in anopheline density, true epidemics of 
marked sea “T rt< “ extcnt J ,he other species, may occur; their 

falciparum, < depciM | e nt upon the interval between seasons of 

violence is largely cle en » An epi(lemic may occur of 

highly favoraie eon inv0 !ve almost the entire population 

rd\:r. rmoruCof several hundreds per thousand. Such 
and to ca are ncar |y always of the falciparum type. 

Local epidemics may also arise from the bringing in of a new strain 

of parasite from the introduction of a new species of Anopheles e.g., 
ol parasite and during World War II into Egypt, or from 

^development of more favorable conditions for the breeding of 
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dangerous species of Anopheles. In parts of Europe inhabited by 
zoophilic strains of maculipennis , malaria disappears as animal hus¬ 
bandry develops. In Java improvement and reconstruction of houses 
for protection against plague have led to a serious increase in malaria; 
this is apparently due to a combination of several factors, such as tile 
roofs, borrow pits for building material, and importation of new 
parasite strains with laborers. 

Diagnosis. In acute cases of malaria the clinical symptoms are 
usually sufficient for a diagnosis. In more chronic cases a combination 
of anemia and enlarged spleen, where kala-azar and certain less com¬ 
mon conditions can be ruled out. almost unmistakably advertises 
malaria infection. Nevertheless all diagnosis should be confirmed by 
blood examination whenever possible. If not possible, failure of a test 
course of an anti-malarial drug to relieve the symptoms indicates that 
the fever is not due to malaria. 

Accurate diagnosis is made by examinations of blood smears stained 
by a Romanowsky stain, preferably Giemsa’s. In thin smears, made 
by spreading a film on a slide by drawing a drop across it in the acute 
angle behind the line of contact of the film slide and the spreading 
slide, the infected corpuscles are spread in a single layer, and the para¬ 
sites are stained in their natural positions in the corpuscles. Charac¬ 
ters which differentiate the species and stages are easily recognizable 
in such films. Thick smears, however, are far more valuable for detec- 
: ui ' f cases where the parasites are sparse, though the identification 
n r: difficult These smears are made by thoroughly drying 
drc;>s dcheinoglobinizing before or during staining, and then 
fc: the more concentrated parasites free from the cor- 
' * An injection of adrenalin a few minutes before taking 
:;,t 1 1 rr r srr.ea is helpful in finding parasites when they are 


: >i sness of a district can be determined fairly 
*d n he percentage of children between about 2 and 
1 1 d spleens. The ‘spleen rate” in 

adult is o» iidlc v di q n: highly malarial places because of a reduc¬ 
tion in spleen enlarge!,- r.t with continued immunity; it is of use only 
as an indie tber of active cases. Any spleen that can 

be felt below the last r.h when a child is lying down may be classed 
as enlarged and is us .illy indicative of malaria; in extreme cases the 
spleen may reach the pubis. 

Serological tests for malaria have been recommended but are not 
generally considered reliable enough to replace examination for para¬ 
sites. 
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Treatment. The treatment of malaria has come a long way from 
the time a Countess Chinchona, returning to Europe from Peru in 
1640 introduced a native Indian remedy, ' fever bark, containing 
quinine and allied alkaloids. These alkaloids, especially quinine, 
remained the standard treatment for malaria for 300 years. Now. 
however, it is still used only by physicians who have not kept up with 

the times. . .. , n . . . 

Since quinine had little effect on gametocytes. especially of P. falci¬ 
parum, and did not prevent relapses of cicax and quartan malaria, 
search was made for better drugs. During World War II this search 
was so intensified that more research was directed toward finding 
better anti-malarial drugs than toward any other project except the 
atom bomb. Prior to the war two drugs had been found that «ero 
helpful; one. Plasmochin (Pamaquin). was found in 19-6 to kill the 
gametocytes that quinine did not. and to be helpful in preventing re¬ 
lapses but it was too toxic to use on a large scale: the other, atebr.n 
(Ouinacrine. Mepacrine). was a substitute for quinine which was. 
as a rule, better tolerated and more effective, its chief disadvantage 
being that it temporarily turns the skin a bilious saffron color. It was. 
however, an incalculable boon during World War II when the quinine 
supply was cut oil by the Japanese at a time when it was needed 
more than ever before. 

Meanwhile, the discovers' of the exo-erythrocyt.c forms of P gall,m- 
ceum and evidence of their occurrence in human nia aria together 
with the fact that drugs which affect the schizoids n, the blood have 
little or no effect on the e.e. forms, made it evident why these drugs 
although suppressing oivax and quartan malaria ami rapidly controlling 
the symptoms by killing the blood parasites, failed to bring about com¬ 
plete cures and therefore to prevent relapses. From the fact that 
falciparum malaria is not only suppressed but also cured by the 
"schizonticides." it has been deduced that in this species the exo- 
erythrocytic schizogony does not continue long, if at all. after the pre- 
erythrocytic development, and therefore when the b ood parasites are 
destroyed by drugs, or by immune reaction, the infection d.es^ 

The search for anti-malarial drugs during and after World War U 
therefore resolved itself into: (1) Finding better schizonticides to 
destroy the blood parasites and therefore, in cicax and quartan 
malaria to cure clinical symptoms in developed cases and prevent 
development of symptoms from new cases as long as the drug ,s being 
administered, i.e., act as a suppressant; and in falaparum malaria, 
radically to cure developed cases and prevent new infections from 
ever producing clinical symptoms even after discontinuance of the 
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drug, i.e., act as a causal prophylactic. (2) Finding drugs which 
would destroy the e.e. forms of the parasite in the sporozoite, pre- 
erytlirocytic or later e.e. stages, and, therefore, act as a causal pro¬ 
phylactic for all forms of malaria, and radically cure all forms. 

Great progress has been made in both quests. Two effective 
schizonticides, Chloroquine and some related 4-aminoquinolines and 
Paludrine, were discovered during the war. In the postwar years 
some 8-aminoquinolines, of which Primaquine is best, were found 
which are very effective against the tissue parasites, as well as another 
drug, Daraprim, which has astonishing suppressive activity. 

Chloroquin (Rcsochin, Nivaquine B) and some related drugs 
(Camoquin, Sontochin, Propoquin, etc.) suppress vivax malaria and 
protect against falciparum infections in a single oral dose of 0.3 gram 
of the base once a week. In South American countries, the incorpora¬ 
tion of Chloroquin in table salt has been used for malaria suppression. 
Even for treatment of clinical cases a single oral dose of 0.8 to 1 gram 
or less of the base is usually adequate and can be used in mass treat¬ 
ments. The temperature becomes normal within 18 hours, and the 
parasites disappear within 25 hours. When feasible, a 3-day regimen 
is preferred—3 doses of 0.3 gram first day, then a single 0.3-gram dose 
for two more days. 

Paludrine (chlorguanide) is also good, but it is slower in action, is 
less effective against some strains of malaria, and tends to produce 
drug-resistant strains. Its advantages are cheapness, lack of toxicity, 
and activity against gamctocytcs; the latter are slow in disappearing 
but arc rendered noninfective for mosquitoes in a day or two. 

Although the tissue forms of malaria parasites are affected to some 
degree by sulfonamides, some antibiotics, and a few other drugs, only 
certain S-aminoquinolincs and a pyrimidine (Daraprim) have been 
found sufficiently active to warrant extensive use as radical cures and 
causal prophylactics of the relapsing forms of malaria (vivax and 
malar iae). I nfortunately, the S-aminoquinolincs have rather narrow 
margins of safety between the effective therapeutic doses and toxic 
°nes; they cause acute hemolytic anemia in some individuals due to 
an intrinsic susceptibility of their older corpuscles. Plasmochin, the 
first one used, had a very narrow margin of safety. Then Pentaquine 
and Isopentaquine were tried, each less toxic than the other, and 
effective in smaller doses, but still not safe enough. Then about 
1950 another drug. Primaquine, was found not only to be superior 
to the other drugs, but also to be very well tolerated except in a few 
cases. Its pharmacological properties and effectiveness against ma¬ 
laria were thoroughly studied by Schmidt and his colleagues on P. cy- 
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nomolgi infections in monkeys, and it was then tested on a large 
number of American troops returning from Korea. A dose of lo mg. 
of the base daily for 14 days, plus 1.5 grams Chloroquine in divided 
doses in 3 days (see above), caused complete cures of vwax malaria. 
With no relapses. Larger doses sometimes produce toxic symptoms. 
Even in Negroes, who develop anemia more readily than non-Negroes, 
double this dose (30 mg.) daily for 14 days produced mild anemia 
in only 17 out of 105, and severe anemia, making it necessary to dis¬ 
continue treatment, in only 5 Negroes. ... 

Daraprim, a different type of anti-malarial drug, is the most potent 
one yet discovered, and is unique in being highly effective against 
both blood and tissue forms. Single doses of 25 mg. cause sch.zonts 
of vivax and malariae to disappear, and prevent them from reappear¬ 
ing for a month; and even doses as small as o mg. will temporarily 
clear the parasites. Less than 1 mg. a week suppressed them. In 
acute attacks, however, Daraprim does not clear parasites or fever as 
rapidly or effectively as Chloroquine. Early indications were that the 
drug also destroyed the e.e. forms and was therefore a true causal 
prophylactic and means of cure: this proved not always o be true, 
even after 17 weekly doses of 25 mg., but there are long a. avsa hr 
cessation of treatment before relapses occur. In a dose of -5 mg. 
weekly, or at even longer intervals. Daraprim is a completely reliable 
suppressant of all forms of malaria, and at that dosage is nontax c. 
Although it does not kill gametocytes. it prevents their normal de¬ 
velopment in mosquitoes, thus preventing transmission Darapnm- 
resistant strains of Plasmodium have been observed, first ... Africa 
and later elsewhere. At least some of these strains remain sensitive 
to other anti-malarial drugs. It has been suggested that resistance o 
Daraprim is likely to develop when low dosages are given. How¬ 
ever Young (1957) described the sudden appearance of resistant 
strains of P malar* in patients receiving four times greater doses 
than is usually recommended for suppression. Its sow action ... act.v< 
cases, failure to radically cure vivax infections, and tendency of para¬ 
sites to develop resistance to it arc disadvantages; its greatest useful¬ 
ness is for routine suppression. In some African villages, weekly 
doses of 25 mg. for 15 weeks virtually eliminated malaria parasites 
from mosquitoes as well as from the blood of the human population. 
It was suggested that an annual course of treatment early in the rainy 
season might help to eradicate malaria over wide areas. 

In addition to treatment with specific drugs, there is no doubt, as 
already pointed out. that nutrition is an important factor in determin¬ 
ing the severity of malaria in a community. Of particular interest is 
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the observation that a pure milk diet suppresses P. berghei in rats 
and mice; evidently some factor necessary for the parasites is lacking, 
since milk ad lib. with a normal diet is not suppressive. That milk 
may have a similar effect on human malaria parasites is suggested by 
the rarity of malaria in infants under 3 months of age, but some ex¬ 
periments with adults failed to support this view. 

Prevention. Although the control of malaria has been relatively 
simple in principle ever since the discovery by Ross and Grassi of its 
means of transmission, in practice it has not been easy. It requires 
community rather than individual effort. Even with our relatively 
new tools—DDT and suppressive drugs—Hoss s statement made many 
years ago is still true: "It |malarial is essentially a political disease— 
one which affects the welfare of whole countries; and the prevention 
of it should therefore be an important branch of public administration. 
For the state as lor the individual health is the first postulate of pros¬ 
perity. And prosperity should be the first object of scientific govern¬ 
ment. " Often in the past, however, private industrial organizations 
have been more active in malaria control than have the governments. 

A brilliant example of malaria control was the elimination, in 1939 
to 1910, of the disease in northeastern Brazil by the complete eradica¬ 
tion of Anopheles gambiae, made possible by a cooperative project 
financed by the Brazilian government and the Rockefeller Foundation. 
Introduced from Africa to Natal, Brazil, in 1930, A. gambiae spread 
hundreds of miles to northeastern Brazil and created a malaria epi¬ 
demic that has probably never been equaled in intensity. The need 
..•i constant guard against reintroducing of this species is evident. 

from the lad that in 1943 living specimens were found 
.i ii dines in planes arriving from Africa and once in homes near 
the A’;, ii airport. 

W ith the advent o» residual spraying with DDT and related chemi- 
auc! to a l'.ss( i . vtent their use as mosquito larvicides. together 
NviU, easy and -ale prophylactic and suppressive treatment, previously 
undreamed <>! progress has been made in the control, or even com¬ 
plete elimination of malaria, even from large areas in some of the 
most malaria-ridden countries in the world. The elimination from 
the l nib cl States and the reduction or local eradication in a number 
of other parts o! the world have already been mentioned (p. 167). 

The great value ol rrsiduul spraying with DDT or related com¬ 
pounds (see p. 53-) is that a high percentage of the mosquitoes 
which bite malarial patients in or around houses, privies, etc., by 
resting on the sprayed walls alter a feed, will die before they can 
transmit the disease. 
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The prospect for control of malaria is not as good in places "here 
the principal vectors do not enter houses, or enter only to bite and 
run (see p. 725). Here it will be necessary to destroy the breeding 
places or kill the larvae of the vectors, or use suppressive dnigs (Dara- 
prim or Chloroquine), a procedure which might lead to ultimate 

eradication. . . . 

The control of malaria by anti-mosquito methods is not a problem 

of general mosquito control, or even Anopheles control, but spaces 
control directed against one or two important local vectors ... he 
particular locality. It is of paramount importance to identify the 
principal malaria carriers of a region, to study their habits and then 
to institute measures directed specifically against these. There are 
less than two dozen dangerous malaria-carrying species of Anopheles 
in the whole world, but sometimes the habits of individual species 
vary from place to place, so local studies of them are required. 

Except in the case of imperfectly adjusted immigrant species of 
mosquitoes (e.g. Ano,,hales eambiae in Brazil and Egypt) - .mder 
special conditions, such as .A. ,mu,lo,,unc ... the separated 
mountain valleys of Chile, complete elimination ol malar.a-carry.ng 
species of mosquitoes is difficult, expensive, and unnecessary. Beduc- 
ng them to the critical density (see p. 184) is enough. After con, 
pletc stoppage of malaria transmission over a large area for several 

years control operations may be discontinued. . , . . 

An' important fact that is often overlooked is that much malaria is 
man-made, e.g., by engineers who carelessly leave borrow pits, dam 
.... s , re . lins e ( C bv irrigation, flooding, impounding, etc., or even, as 
in Trinidad, by' planting forest shade trees that harbor aerial plants 

(bromeliads) in which A. bellalor breeds. ..... ( . 

During military operations bomb craters, shell holes, foxholes, 
ditches, vehicle ruts, etc., made many an .Ann,>/.</« happy. for under 
natural conditions even mosquitoes are often troubled by what cor¬ 
responds to a housing shortage. Man is an occasions ly rational being 
who in the past has probably done as much to help malaria as he 

has done to eradicate it. ... 

Although there will be some areas in winch malaria will continue 
to thrive for a while, or perhaps even increase a little, the concept 
that this disease can be eradicated is not a pipe dream. 

In many parts of the world where severe malignant tertian malar a 
is present, but not in all, a disease occurs which is known as b ack- 
water fever about the real nature of which there has been much argu¬ 
ment but little definite knowledge. It is a scourge in many parts o 
Africa and in some parts of India, Malaya, and the East Indies, and 
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formerly in the southeastern United States. The disease is character¬ 
ized by a fever accompanied by an intense jaundice and a tremendous 
destruction of red corpuscles and excretion of hemoglobin in the 
urine. In severe cases 60 to S0% of the red blood corpuscles may be 
destroyed within 24 hours. The disease is usually accompanied by 
a contraction of the spleen. Severe attacks are usually fatal; cases that 
recover are prone to subsequent attacks if they remain in an endemic 
area. Often a blackwater fever attack wipes out the malarial infection. 
The disease is suggestive of the course of P. knowlesi infections in 
rhesus monkeys. 

As yet the reason for the common occurrence of blackwater fever 
in falciparum malaria cases in some areas but not others is unknown; 
a review of current theories was made by Macgraith (1946). To the 
senior writer the evidence strongly suggests some antigen-antibody 
mechanism which reacts against the corpuscles and hemolyzes them, 
possibly involving something comparable to the Rh factor. Debility, 
attacks of malaria in adults who have developed no immunity, mal¬ 
nutrition, exhaustion, and exposure to cold seem to be predisposing 
factors. 

Treatment with quinine or the 8-aininoquinolines is contra-indi¬ 
cated, but atebrin or Chloroquine can be given safely. Patients should 
stay in bed, keep the skin warm and carefully protected from drafts, 
and drink plenty of warm, salty, alkaline fluids. About half the 
deaths arc due to kidney failure. Complete quiet, diuretics, and a 
milk diet are recommended, with intravenous saline or glucose in¬ 
jections in some cases, as well as blood transfusions. Enough alkali 
should be given to make the urine alkaline. Some authors have found 
injections of liver extract to be of great benefit if given along with 
atebrin. 
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Chapter y 

SPOROZOA OTHER THAN MALARIA 


Hacmosporidia 

As noted on p. 163, the* subclass Hacmosporidia contains (1) the 
order Plasmodiida, considered in the last chapter; (2) the order 
Babesiida, containing the families Babesiidae, Thcileridae, and Con- 
deridae; and (.3) some other parasites of uncertain affinities, e.g. Toxo¬ 
plasma, Bcsnoitia. These as well as other Sporozoa, of interest as 

parasites of man or domestic animals, will be considered in the present 
chapter. 


BABESIIDA 


T lie general characteristics of this group of parasites were given 
nn KL ,,lc ‘ ,ife c . Vcles rather imperfectly known, even in the 
mo:t important species, and most of them are entirely unknown. 

•Uht or ten genera have been described. Members of the genera 
bahesta^ Pirophsma) and Theilcria cause important and highly 
V s ,Uv ?, y C ' ,S(,;,S0S of al1 lhe ,a rge herbivorous animals and also of 
TZ ; ,n ‘^r ,CS Ac &JI' lia ' ieUa :,rc injurious to poultry. All species 
o labcMidae as far ns is known are transmitted by ticks. In the 
go.uv UabrsM the parasites are known to multiply only in the red 

“T ™!r' :US,ll ‘ n >' P car - sl >aped. and grouped in two’s 
II " S ' ' A • 1,1 t,le genus Theilcria, the organisms are 

smaller, ol variable shape, and with no tendency to be grouped in 

pa.rs (Fig. I ). k-U) l„ this family (Thcileridae) schizogony occurs 

r a P nd r ?' r °' her hand - "■ *'“■ Gonderidae (Con- 

‘ an ‘‘ Cytatixzoon ) schizogony occurs in lymphocytes or histio- 

k > Ik J. 

Although about 20 species of Babesia have been named, many of 
these are probably not valid species, and only a few are important 




orozoa Other than Malaria 197 




, 1 ,. 40. A-C. taberta bitcmina; A-C. in cattle; D-C. ... tick. A. .roplu.,.,.,.- 

to red cell of cuttle, showing binary .»; «• '•««« P>r.for.,. pa(r* ... red cell; 

C division Stage in red cell. P. associated .so g an.etes ... got of t.ck; t .H.k.nete 
' . r ti | ( . p, sporozoites in a single focal plane of salivary 

si, Is'ee'„T tickcTate stage' of syllgumy of isoga.netes. (Adapted from Dennis, 
nlagco , . 1030 - 36 1932.) Il-J, Gonderia mutans in cattle 

blood- K-L P Thcilcria i»rva in cattle blood; M, leucocyte containing T. parva 
Snt (Adapted from Brun.pt, Bo//. Soc. f'at/.of. Exotic, 13. 1920, and 
Ann. Parasllol., 1, 1923; and 2, 1924.) 

parasites of domestic animals (Neitz, in Cole et al„ 1956). These 
include 5 species in cattle {bij-cmina cosmopol.tan; argenUna m 
South America; bovls in Europe; anti berbera and major ... North 
Africa); 2 species in sheep and goats (ovis and motasi in Europe and 
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Africa); 2 species in pigs ( trautmanni in Eastern Europe and Africa; 
perroncitoi in Sardinia); 2 in horses ( caballi , around the Mediter¬ 
ranean and in Central America; equi in Europe and Africa); 2 in dogs 
(canis in Europe, Asia, and Africa; gibsoni in Asia and Africa); and 
1 in cats (felis in Africa). It is obvious that most of the Babesiidae 
are limited to the Old World, but one species, Babesia bigemina , has 
a world-wide distribution in cattle. 

The diseases caused by Babesia , often called piroplasmosis from 
the name Pirn plasma, long used instead of Babesia, are characterized 
by destruction of red blood corpuscles and elimination of hemoglobin 
with the urine, hence the name “redwater fever." They produce 
fever, anemia, jaundice, and injury to the liver and kidneys. B. bi¬ 
gemina (Fig. 40, A-G) is the cause of Texas fever or redwater fever 
in cattle, of world-wide distribution. The disease is transmitted by 
ticks of the genus Boophilus (see p. 595) in which the parasites, after 
fertilization in the hindgut, invade the reproductive organs. They 
become enclosed with the eggs and subsequently undergo extensive 
multiplication and migration to all the tissues of the developing tick 
embryo. Some ot the parasites enter the salivary glands and can then 
be transmitted by the seed ticks when they feed (Dennis, 1932). 
I lie adult ticks do not transmit the infection. The developmental 
cycle °l Babesia in the vertebrate host is not fully known; the only 
fnnnv known are small oval or pear-shaped bodies which bud to 
utv clusters of two. or in some species four, parasites (Fig. 40, 
u rv writers, however, have described what they interpret 
in red cells. By quarantine and anti-tick methods this 
ot cattle has been completely eliminated in the 
Babesia ranis causes a form of redwater fever in dogs 


Fig. 40. K-M) contains a single species, T. 
deadly East Coast fever of cattle in Africa. 

i »*■ 


I S' 


’ cr. infected animals seem to be convalescing 
•> mil °v< i and die. apparently from edema of 
•u m.» tU the mortality may be 95 7 *. During re- 
• has occurred in sudden sporadic outbreaks. 
*. «1 t» the fact that the reservoirs are wild bovine ani- 
> » ticks' mvolvcd apparently do not transmit the 
disease agent »n ri.cn offspring. Aureomvein has been reported to 
kill the scnizonts of parva in lymphocytes but has no effect on 
erythrocytic stages. I he latter are sensitive to the anti-malarial drug, 
plasmoquin. 

The species belonging to the Conderidae produce verv mild infec- 


the 1 uars. 
cent ye, r the 
This mnj he 
mals and that 
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tions. Gonderia mutant, for example, causes a practically symptom- 
less infection of cattle over most of the Old World. The cycle of 
development of these parasites in the tick hosts has been worked 
out for only one species, G. annulata (= Theileria dispar ), by Sergent 
et al. in 1936. Neitz (in Cole et al., 1956) reviewed the classifica¬ 
tion, transmission, and biology of the species which infect domestic 
animals. 


Toxoplasma 

This organism is still one of the least understood of the parasites 
of man and domestic animals, although it is extremely common and 
under some circumstances very dangerous. Its taxonomic relations 
arc so poorly known that it has even been suspected of being a fungus 
instead of a protozoan, and one man has argued for inclusion in the 
Trypanosomidae. 

The parasites (Fig. 41) are crescent shaped or oval, 6 to 12 long, 
with a discrete central nucleus, and occur in pairs or groups of pairs. 
It has been generally assumed that Toxoplasma multiplies by binary 
fission; however, Goldman, Carver, and Sulzer (1958) reported a 
peculiar reproduction, involving internal budding with two new indi¬ 
viduals produced inside the parent cell. Using the electron micro¬ 
scope, Bringmann and Holz (1954), Gustafson et al. (1954), and sev- 
eral later workers demonstrated an organelle at the anterior pole 
which may be a cell mouth or a hold-fast and fibrils extending over 
the outside of the anterior two-thirds of the body; the latter may ac¬ 
count for the gliding movement of the organism. Similar external 


fibrils occur in malaria sporozoites. 

The parasites are found free in the blood stream or in tissues, or 
inside cells of many different types, particularly those of the reticulo¬ 
endothelial system, white blood cells, and epithelial cells. After ex¬ 
perimental inoculations in laboratory animals the organisms appear 
free in the blood plasma and in various organs within 4 hours; they 
subsequently disappear from the blood, but in rats they are irregu¬ 
larly demonstrable in the liver, lungs, spleen, etc., for several weeks 
and arc uniformly present in the brain for at least 2 years. Here, and 
sometimes in other parts of the body, in chronic cases they occur in 
large intracellular “pseudocysts" containing up to 50 or more organ¬ 
isms (Fig. 41), apparently in an inactive resting state, since they 
cause no inflammatory reaction as do the free forms. It is believed 
that it is due to rupture of these pseudocysts, from unknown causes, 
that the infection sometimes flares up again in chronic cases. 

As far as known there is only one species of Toxoplasma, T. gondii, 
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i, K x „f i„ tltc brain of a mouse; B, from 
rig. 41. Toxophsma K<>n<lu. A. P ' in tissue culture of chick embryo 

peritoneal exudate of a ..within cells; D. as seen >*, 


„ , |,o„sim ss about its hosts, apparently bc- 

which shows practically »‘> . (n( , mamma ls and even surviving 

ing able to infect all kind _ monlh . A s indicated by antibody 

in lizards and turtles o • . m j ss j 0 n to laboratory animals as 

tests, and in many cases ** ^ to otclir in 59'/, of dogs. 34% 
wcll, this parasite has h 1 $ ovcr 20% of rats, and 10 to 

of cats, 48'% of goa s. ' incj j t . licc „f significantly positive anti- 
12% of pigeons. In iw Fskiinos 68% in Tahiti; in American 
body tests ranges trom • • _ ^ The preV alcnce of human 

cities the incidence ranges. ro arcas> )css in warm, dry areas, and 
infection is highest in ^ t ] |( . W orld. It "ill he observed that 

least in the very cold areas must constitute important 

man’s closest animal friends, uog 
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reservoirs of the disease, and that rats, in addition to their long-known 
relation to plague and typhus, are important reservoirs of this disease 
as well; infective Toxoplasma was demonstrated in the brains of 14 
of 160 wild rats in Savannah, Georgia, and in over 3% in Memphis, 
Tennessee. 

There is no direct evidence as to the usual method of transmission, 
but prenatal infections occur in man and animals, and animals can be 
infected by eating infected flesh or feces. Several workers have re¬ 
ported that animals become infected when fed pseudocysts but not 
when fed free toxoplasmas. This suggests that the pseudocyst may be 
a resistant stage, perhaps comparable in epidemiological significance 
to the cystic stages of intestinal amebas. There is no evidence of 
seasonal infection and person-to-person transmission seems rare. 
There is a high incidence of antibodies in rabbit handlers. Blood¬ 
sucking arthropods may occasionally play a part; Laarman in 1956 
reported the mechanical transmission of Toxoplasma by the stable 
Hv, Stomoxys, and fleas, after feeding on infected animals, are infective 
when eaten. Ticks have been reported to harbor Toxoplasma for at 
least 60 days after feeding on infected animals. 

In animals, toxoplasmosis may produce anything from rapidly fatal 
infections to unapparent ones. Mice, rabbits, and birds often suffer 
severely, but rats usually have mild and transient infections. Accord¬ 
ing to Eyles and Coleman a fatal infection can be produced in mice 
y, ho inoculation of one parasite. 


m ; m » ,,,(> symptoms as a rule become less and less pronounced 
idvaneing age. After the maturation of defense mechanisms 
i' of human hosts, the parasites are usually got under con- 
1 . ° u , 1,0 Wmus damage. Few fatal cases have been re- 

\dults and children alike only rarely show 
P toms may involve a typhuslike rash, fever, en- 
lv ..I eye disturbances (chorioretinitis, 
l*'; 1 ' ‘'fh.iht's . tributed to Toxoplasma has been re- 
■ : hu .S injected before birth, fatal results are usual, the 


j. 


pork 
acu t< 
eye, 
cases there is 


mic ( 
.1 


” ri commonly with effects in the brain and 

. . completely destroyed. In congenital 

most always severe eye injury (chorioretinitis), hydro- 

di h'.rh ° r ’""T P , “' 1 V ,U '°-"' ir ' ls - a " d *««* mental and nervous 

clistm nances and convulsions in nearly all of them. 

,hese human infections are at 

them^v»h ,i /C f , J< '■ m0 " K ‘ r ‘‘‘-'Clops antibodies and shares 

t urn with the fetus th. parasites are inhibited in the visceral organs 

hut continue their devastating activity in the brain. As Frenkel and 
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Friedlander (1951) point out, this "blood-brain barrier,” as it is called, 
effective in all infectious diseases that penetrate into the central nerv¬ 
ous system, is probably related to the fact that there is only about 0.3 
to 0.5% as much protein in the cerebrospinal fluid as in the blood, and 
a correspondingly small amount of antibody content. Hence parasites 
are able to persist in the central nervous system long after antibody 
reaction has made it too "hot" for them in other parts of the body. 

Evidence indicates that infections in newborn babies result from 
prenatal infection from mothers that acquire infections, usually symp¬ 
tomless, during pregnancy, not to old chronic infections. Even if a 
baby survives it is often so severely damaged that it can lead only 
a vegetative existence. Children sometimes have transitory attacks 
of chorioretinitis due either to new infections or to relapses from the 
rupture of pseudocysts in the brain. 

Aside from the finding of parasites by smears or animal inoculation, 
diagnosis of present or past infections may In- made by several immu¬ 
nological tests. One is intradermal inoculation of an extract of the 
parasites called toxoplasmin; it is not very reliable. Another is com¬ 
plement fixation, but this is slow in development, and fades quickly. 
The most valuable has been a "dye test” devised by Sabin and Feld¬ 
man (1948). When living parasites in mouse peritoneal fluid are 
placed in serum containing antibodies against Toxoplasma, along with 
a methylene blue dye and some normal human serum ( preserved by 
freezing) to serve as "activator." the parasites lose their affinity for 
the dye. whereas in normal serum containing no antibodies they 
round up and have both the nucleus and cytoplasm stained. In 
serum dilutions of 1 : 16 or greater this dye test appears to be a re¬ 
liable index to present or past infection; it remains positive for as 
long as 25 years, although the titer gradually drops. Tins test be¬ 
comes positive early in an infection, usually during the second week, 
quickly rises to a titer of 1 : 1000 or more, and then remains high 
for a year or more. A rising titer by either the dye test or comple¬ 
ment fixation indicates an existing or very recent infection bn a 
single test may only mean past infection. The dye test has the d s- 
advantage that it requires the maintenance of Toxoplasma ,,, the 
laboratory. Jacobs and Lunde (195/) described a hemagglutination 
test which they regard as highly promising for routine laboratory use 
Inoculation of suspected material into animals has been a use ul 
diagnostic method for research purposes. Cold,nan (1957) has de¬ 
scribed a specific staining procedure for loxoplasma using a flu¬ 
orescein-labeled antibody as the reagent. This may be useful as a 
means of locating the organism in tissues. 
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A combination of the anti-malarial drug, Daraprim (see p. 189) 
and sulfonamides has given the best results in treatment of acute 
cases, but, in rats at least, the parasites are less easily eliminated after 
3 or 4 months, when pseudocysts presumably have formed. Anti¬ 
biotics have proven to be useless. 

Organisms Resembling Toxoplasma 

There are several genera of Toxoplasma-\iVe organisms occurring 
in a wide variety of animals. One of these, Besnoitia besnoiti , pro¬ 
duces a generalized infection with a dermatitis in horses and cattle. 
In the acute stage of the infection the organisms are almost indistin¬ 
guishable from Toxoplasma but in its chronic phase produces large 
cysts (up to 2 mm. in diameter) very unlike the pseudocysts of 
T. gondii. A relative, B. jellisoni, is found in deer mice in the United 
States. Experimentally, animals can be infected by feeding infected 
material (Jellison et al., in Cole, 1956). 

Sarcocystis may also be related to Toxoplasma. A number of 
species have been named from herbivorous birds and mammals, in¬ 
cluding man. Only cyst stages from cardiac and skeletal muscle are 
well known. Virtually nothing is known of the life history of Sarco¬ 
cystis. Some workers have reported transmission by feeding of in¬ 
fected muscle, but Frenkel (in Cole. 1956) considers this as poorly 
/Vt ntiated. The fact that carnivores are rarely infected would 
» against meat-eating as the important mode of transmission. 
pi-.al'.iozoon occurring in cysts in the brains of rodents may 
•Ids group. Besnoitia. Sarcocystis, and Encephalitozoon 
.: :.r.iii.o!ogically diffcrc nt Irom Toxoplasma. 


i~ r 'u Oi'oon r.nd Ifeniogregarities 

l hi pa.a.iite;. although classified in the subclass Coccidiia, resem¬ 
ble tiK Hae.oosporidia in requiring an intermediate host. The forms 
found in cold-blooded animals may belong to either of two genera: 

(1) Hacmc^rcaarina, in which the schizogonic cycle and the gameto- 
cytes (Hg. 34/,) may both occur in blood corpuscles, and oocysts con¬ 
taining free sporozoites which develop in leeches or arthropods; or 

(2 ) Karyolysn*, in which schizogony occurs in endothelial cells, pro¬ 
ducing merozoites which enter red corpuscles and become gameto- 
cytes, the sporogomc cycle occurring in mites. The hemogregarines 
of birds and mammals are placed in the genus Hepatozoon; schizogony 
occurs in the reticulo-endothelial cells of liver, spleen, or bone mar- 
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row, and the gametocytes (Fig. 34K) develop in circulating mono¬ 
nuclear leucocytes. The sporogonic cycle of Hcpatozoon muns of 
rats and H. g riscisciuri of squirrels occurs in dennanyssid mites (sec 
p 555) whereas that of H. canis of dogs occurs in ixodid ticks. In 
these intermediate hosts there develop large coccidium-like oocysts 
containing numerous sporocysts, each with about sixteen sporozoites. 
The resemblance to coccidians is further indicated by the fact that 
the sporocysts cause infection only via the alimentary canid when 
swallowed with the mites or ticks in which they develop. H. cams 
causes a serious and sometimes fatal illness in .logs in India and 

A The gametocytes of hemogregarines in red cells are distinguishable 
from those of Haemoproteus by the lack of pigment. 


Coccidia 

General account. Although negligible as human parasites. Coe- 
cidia cause a greater economic loss among domestic and game animals 
in temperate dimates than any other group of Protozoa. They are of 
major importance to poultry raisers and produce ^r.ous disease in 
rabbits and cattle. Horses, sheep, goats, pigs, dog . .* inea Pg . 

ducks geese pigeons, and even canaries frequently suffer from the.i 
attacks.k t< For relationships of the Coccidia to other Sporozoa, see 

P ThfcoS'idia are most commonly parasites of the epithelial cells of 

some part of ie • • important infections in domes- 

other organs The pecus »h ^ ^ ^ ^ M djJfcr 

fromTeadS*other mainly in details of dmdopmen, within the oocysts 

Thc lif< i ay ~ 

■Hy in the -me"f . .. two-flagellated micro- 

microgametoeyt. odu usuaffy after the latter have 

gametes which r d ze 1 m» b ^ The macrogame ,es are 

escaped from the c-effs wl, _ ^ jnR callctl n micropylc 

provided w, h cy waff^ ogame , e s are aMc entcr . The 

at one end through which ^ ^ ^ ^ ^ 

resulting z>go c ( . )are( i t„ withstand conditions in the 

wind; it was devdo^d a pr ,, os( js affor ded. 

they leave the host with the feces and require .30 hours to 2 weeks to 
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n*j <*2. Life history of Eimeria perforam of rabbit. In, sporozoite entering 
1 cell lb, mcroxoite entering intestinal cell; developing schizont; 3-5, 
. . i nuclei and form it ion of mero/oites; 6, liberated nrerozoites, re- 
:• stmal cells: 7-/0, development of <$ gametocyte; 11, micro- 
“ * ' C-rpnicnt of 2 gametocyte; 16, fertilization of macrogamete; 

> re ady to leave body of rabbit, and after escape with feces; 
/6‘ vf spcroblasts: 20, development of sporocysts and sporozoites 

l «* of sporozoites after ingestion of ripe oocyst. (Adapted 
tr. rn r.i.i. v.. by cker and by Wetzel.) 


develop d on the species and tin* temperature. Develop- 

11 tops. (1) a division of the nucleus and cyto¬ 

plasm into a nimber of parts called sporoblasts, often leaving a 
residual miss of evtopl.-.-ni which may subsequently disappear, and 
(2) the further development of these sporoblasts into sporocysts with 
resistant cyst walls, and the division of their contents into a number 


of sporozoites; sometimes each sporocyst has a residual mass of cyto¬ 
plasm of its own. 'I be sporocysts arc cysts within cysts, and in some 
species may he liberated from the parent oocysts before re-entering a 




Sporozoa Other than Malaria 207 

host. In the genus Eimeria each oocyst produces 4 sporocysts each 
with 2 sporozoites (Fig. 44A), whereas in the genus lsospora each 
oocyst produces 2 sporocysts each with 4 sporozoites (Fig. 44B). 

The oocysts are easily destroyed by a temperature of about 50° C., 
by desiccation, and by extreme cold, but are highly resistant to chemi¬ 
cals. They can be cultured in the laboratory in a 2 to 57c dichromate 
or a 1% chromic acid solution. It is startling to find them under¬ 
going development in fixed and stained slides! 


P ei- 




Fla 43 Diagrammatic representation of ,mh>Ms of Eimeria (A) and hotpora 
Fig. 43. k | c|ls >poro/oitc; |#.p/.. polar Klobulc; r.b.c., residual 

tod' Toocyst re 7,.. refractile Ik, dies of MM,ro/.«,ites; r.b.spc., residual body of 
d> , « /, . IhkIv »r ••pliitf” of sporocyst; spc., sporocyst; spz., spore- 

The sporozoites liberated from ingested oocysts penetrate cells in 
their chosen sites of development, grow into schizonts and then 
divide into a cluster of spindle-shaped mcrozo.tes, usually about If. 
to .30 but in the deadly E. tenella of chicks about 9(H). and m E. bov is 
of cattle over 100,000. In most coceidians two or more generations of 
schizonts are produced before the sexual forms are developed, but in 
most if not all species the number of schizogon.c generates is lim¬ 
ited. and therefore continuation of the disease depends on repeated 

rel EimerThoois of cattle differs from typical species of Eimeria in pro¬ 
ducing a single generation of huge schizonts. 250 to 400 /< in diameter, 
easily visible to the naked eye. and containing over 100.000 merozoites. 
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The sporozoites begin their development in endothelial instead of epi¬ 
thelial cells; the schizonts mature in 14 to 18 days and then occupy the 
outer portion of the interior of badly bulged villi. Obviously, with 
such prolific schizonts, one generation of them is enough. Although 
the schizonts of this species occur in the small intestine, the gameto- 
cytes and oocysts develop in the cecum and colon; the pathological 
effects and symptoms are associated only with the latter. 



i-1-1-1_i 

0 10 20 30 40 

Microns 


Fig. 44. Various types of oocysts of Eimcria. A. unsporulatcd oocyst of E. 
sticdac of liver of rabbit; II. ripe oocyst of E. sticdac with residual bodies in 
sporocysU hut not in oocyst; C, ripe oocyst of E. magna of intestine of rabbit, 

• • : ' 1 bodies m both oocyst and sporocysts; /), C. tenclla of cecum of 

clue kens, with no residual bodies. (A to C after Kcsscl and Jankicwicz, Am. J. 
tffc’tf.. H. 19-31.) 


Tl e true nature of these huge schizonts has only recently been de- 
U rm iic .! < Hammond et al. f 1946). Similar organisms occur in horses, 
s,,e *P> a,K * camels and were formerly recognized under the names 
CIohUHum or GaMrocystis. When the life cycles of more of these are 
determined, it may be desirable to separate them from the genus 
Eirneria. 

Species. 1 he Coccidia comprise numerous species, most of which 
show marked host specificity; Isospora shows more laxity in its choice 
of hosts than Eimcria. Not only do most species inhabit only a single 
kind of animal or a few closely related ones, but also a single animal 
may harbor several different species of Coccidia. Members of the 
genus Eimcria have made themselves at home in almost every kind of 
vertebrate, especially herbivorous ones, and in some invertebrates. In 
cold-blooded animals the oocysts mature before leaving the host; in 
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warm-blooded ones they usually mature afterwards. Intestinal forms 
are very common in rodents, pigs, ruminants, and poultry, and one 
species is common in the liver of rabbits. Isospora is common in small 
birds (Fig. 45C); Boughton reported references to its occurrences in 
173 species, mostly passerines, but whether these represent one or 
many species is unknown. English sparrows show a very high inci¬ 
dence of infection, especially in the southern states. Canaries suffer 
from the infection but chickens do not; the latter are afflicted only by 
Eimeria. Among mammals species of Isospora are especially frequent 
in carnivores but are also reported from man, pig, and hedgehog. 



^ ... .( M>«*cic i s of Isospora. A. /. belli of man (after Haugh- 

9 ‘ 45 p/ •/ °T Sri 18 1921) ». I fell % of eats (after Wcnyon, Protozoolomi . 

'Suit ta-AlS <=—■ - «"■** 


Chickens harbor at least 8 species of Eimeria. cattle 6, rabbits 6. and 
pigeons 1; dogs harbor 3 species of Isospora, all of winch are shared 
by Tats and foxes. Only Isospora occurs in man, 3 species having 

^TheTriot' species of Coccidia vary in the site and developmental 
details of their schi/.ogonic cycle but are nearly always identifiable by 
the oocysts alone, which is fortunate since these are he only forms 
, , principal characters used in distinguishing the 

“if dTe.J’TpS are si,- and shape of entire oocysts, size 
a, /vlvmc r,f soorocysts the distinctness of the micropyle, the presence 
or absence of residual bodies in the oocyst and in the sporocysts, and 
the thickness of the oocyst wall. 
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Ingestion of oocysts of “foreign" coccidians, passing through the ali¬ 
mentary canal intact, may lead to errors of interpretation. Species 
which are parasitic in the liver of herrings and in the testes of sardines, 
for example, have been mistakenly described as human parasites, and 
it is possible that some of the reported Eimeria infections in man may 
have been pseudo-infections from eating rabbit livers infected with 
E. sticdae (Fig. 4 4A, B). Passage of the oocysts through insuscepti¬ 
ble animals mav sene as a means of distribution. 


Human infections. Although only a few hundred cases of Iso- 
spora infections in man have been reported, the infection is un¬ 
doubtedly much commoner in many unsanitary countries than that 
would suggest. Most of the cases have been reported from the Middle 
East, Africa, Southwest Pacific, Japan, and South America. In Sao 
Paulo, Brazil, Isospora oocysts were found in 0.1% of the stools exam¬ 
ined, and a somewhat similar incidence occurs in Egyptian villages 
near Cairo. 

Isospora hominis and I. belli , both reported from man, were long 
merged together under the former name, but recent work by Elsdon- 
Dew in Africa and by Mcira and Correa in Sao Paulo supports the 
view that these are quite distinct species. Both occur in the United 
States. I. hominis has oocysts that are ovoid and measure about 16 
by 10 //, with developed sporocysts when passed; it closely resembles 
[• Hwmina of dogs and may actually be that species. I. belli has 
".'t oocysts, undeveloped when passed, that measure 25 to 33 by 
x ' ’C i, and are definitely narrower at one end (Fig. 45/\). This 
much the commonest species in man. A third species, 
:, hs. with oocy>ts about 30 by 25 by 21 ^ and somewhat re- 
^ • 1 ^ h rn'.'Ita of dogs, was reported once from an African in 
r ’ v. After leaving the body the oocysts of I. belli 
i x sts • to h with 4 sporozoites, packed like sardines in 
‘ - I •- hours. There is evidence that both these species 

de- -.op m die duodenum or perhaps even in the bile duct. In 28 


c ur., m Sao Paulo, 13 had large, immature oocysts of I. belli, whereas 

1° V ad , sinJ1, ,natl,re oocysts of I. hominis. In Chile all of 11 cases 
studied were I belli. 


Mdd marih a with light-colored, fatty stools, abdominal distress, 
and eosir.ophiha are commonly described in connection with human 
infections, but some infections seem to be without symptoms. In ex¬ 
perimental infec tions diarrhea and fever appear in about a week. 
Jefferey (195S) recently reported an explosive outbreak of diarrheic 
disease attributed to /. belli in South Carolina. In general, the infec¬ 
tions appear to be self-limited and hist only a few weeks. 
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Infections in animals. In animals the pathogenic effect varies con¬ 
siderably with different species and with the severity of the infection. 
In light cases there are often no symptoms, but in severe attacks by 
pathogenic species there is extensive destruction of the epithelium in 
the chosen sites, with sloughing of the walls and severe hemorrhage. 
The symptoms are loss of appetite, emaciation, weakness, pallor, diar¬ 
rhea, blood) feces, and sometimes fever. Animals develop immunity 
from repeated sublethal infections, but much more quickly and per¬ 
manently against some species than against others. The immunity 
is local in nature, with no relation to antibodies in the blood. 

Chickens harbor eight species of Eimcrla ; fortunately most of them 
are mildly pathogenic, but E. tenella (Fig. 44D) and E. necatrix are 
very harmful, the former causing severe injury to the ceea in young 
chicks, with often fatal bloody diarrhea, the latter a more chrome in¬ 
testinal disease in older birds, characterized by leg weakness, pallor, 
and general unthriftiness. In cattle several species are pathogenic, 
including E. zurnii, E. bocis, and E. alabamensU. E. boms has a cycle 
of development in the host of 20 days and produces huge sclnzonts 
visible to the naked eye, with merozoite families numbering over 
100(KM) (sec p 207). E alabamensis has a cycle of 8 to 1- days and 
produces modes, merozoite families of 10 or less. Almost all calves in 
the southern states are infected; if heavily infected they suffer red or 
watery diarrhea, weakness, and emaciation, winch is often fatal. 
Other species of Coccidia harmful to domestic animals are E. mclea- 
grimitis in turkeys, E. truncata in geese. E. dcblicck, in pigs, L. wh- 

pedum and E. ungulate in horses, and hospora In. . no m dogs 

Treatment and prevention. A number of drugs are capable o 
preventing infection if given with food or water prior to estabhshn.cn 
of the infection, e.g.. sulfur, certain organic sulfur compounds, and 
many sulfa drugs (sulfonamides), especially Sulfaqumoxalme. The 
last has therapeutic effect against E. boms ... cattle but not against 
E. alabamensis, presumably because the abundant merozoites of the 
former are more exposed while making their way to the large intestine 
where the sexual stages develop, whereas the few merozoites of E. 
alabamensis immediately enter neighboring cells (Bougl.ton 1943). 

Sulfa drugs with a pyrimidine nucleus (Sulfadiazine, Sulfamethazine, 
and Sulfamerazine especially) have been found to have curative as 
well as preventive action against cecal cocc.d.os.s ... chickens (E. 
tenella) if given as soon as symptoms appear, or before. However, 
since symptoms do not usually appear until the fifth day after infec¬ 
tion. and 90'/, of the mortality occurs by the end of the seventh .lay, 
there is not time for much procrastination. These drugs, added to the 
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food at the rate of 0.5 to 2% for 3 days, beginning within 4 days 
after infection, greatly reduce mortality in chicks (Swales, 1946). 
Addition of 2 grams of sodium Sulfamerazine per quart of drinking 
water for 3 days is also effective and perhaps better, since infected 
chicks lose their appetites but not their desire for water. Sulfa- 
quinoxaline at the rate of 0.05% of the food, given intermittently, or 
one-fourth that dose continuously, effectively controls Eimeria lenella 
and E. necatrix infections in chicks, reducing deaths from over 17% 
to 1 or 2%. It prevents development of later stages if given up 

to the fourth dav after infection. 

# 

About all a harassed poultryman or animal raiser can do to hold in 
check the ravages of coccidiosis is to try by sanitary means to limit 
the ingestion of oocysts to a number that will lead to immunity rather 
than death, and to utilize the sulfa drugs in food or water as soon as 
evidence of infection appears. Methyl bromide applied at the rate 
of 0.15 to 0.3 cc. per square foot of litter or soil inactivates oocysts. 
It can also be used as a space fumigant in brooder houses; 2 lb. per 
1000 cubic foot prevents infection. 
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ARTHROPOD-BORNE ORGANISMS 
OTHER THAN PROTOZOA 


We shall briefly discuss the organisms or disease agents other than 
Protozoa that are commonly transmitted biologically by arthropods 
in order to give a more comprehensive view of them and a better un¬ 
derstanding of their relations to each other and to their arthropod 
hosts than could be gained from the discussions of them in the chap¬ 
ters dealing with various vectors. Four groups will be considered: 
the rickcttsias and related forms; the Bartonella-Anaplasma group of 
organisms; the bacteria among which certain spirochetes and species 
of Pasteurclla are biologically transmitted; and the filtrable viruses. 
As far as is known no fungus infections are habitually transmitted by 
arthropods. 


Rickettsia and Related Organisms 

General characters. Rickettsias. which are minute organisms re- 
sembiint' no': ing morr than exceptionally tiny bacteria, are strictly 
intracellular parasites and, like filtrable viruses, have not yet been culti- 
vaii d except m the presence of living cells in tissue cultures or chick 
emhr . 'i his is evidently because, again like filtrable viruses, they 
are degenerate parasites which have become dependent on host cells 
for essential enzymes. They vary in form, being coccuslike, rod- 
shaped, or filamentous, and they do not stain readily with aniline dyes 
as do bacteria but respond well to Giemsas stain as do Protozoa. 
Their primary habitat is in the tissues of arthropods, where some have 
become necessary commensals; in the hosts to which they are well 
adapted they cause no apparent disturbance and may be transovarially 
transmitted generation after generation, e.g., in ticks, but in hosts to 
which they are poorly adapted they may cause fatal infections, e.g., 
rickettsia of epidemic typhus in lice. 
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Vertebrate infections are undoubtedly a secondary development 
resulting when rickettsias in a blood-sucking arthropod are inoculated 
into a vertebrate and are able to multiply there. Sometimes the infec¬ 
tions may then be passed to other individuals without the arthropods 
being further concerned, as in Q fever infections In vertebrate hosts 
the organisms multiply principally in endothelial cells of blood and 
lymph vessels and in cells lining serous cavities. 

The rickettsias are typically placed in a family. Bicketts.aceae, the 
classification of which has been reviewed by Philip (1956). Theyare 
arranged in five principal genera: Rickettsia, Cox,alia, Cowdna. Nev 

rickettsia, and Ehrlichia. . 

The genus Rickettsia contains nonfiltrable coccuslike or rod-shaped 

organisms, less than half a micron in diameter, which cause typln»- 

likc diseases in man. Those of one group, recognized by 1 .lip as 

a subgenus Dermacentroxcnus, multiply in the nuclei as well as ... 

the cytoplasm of cells in both the mammal and arthropod hosts; they 

are the cause of a group of diseases known as spotted fever, tick 

typhus etc. which are transmitted by ticks, and also one species, R. 

a,kart that causes a disease known as rickettsialpox, transmitted by 

dermanyssid mites. R. pavlooskyi is reported to be transmitted by 

ticks mites and fleas! Species of another group, subgenus Rwkettsia, 

multiply only in the cytoplasm of cells, and are transmuted £> 

and lice, in which there is no transovarial transmission. To this group 

belong R. Ill phi, which causes the flea-borne, endemic or murine 

typhus and R. prowazekii, the cause of louse-borne epidemic typhus 
lypnus, ana n s pccies which causes trend, fever, but 

”gSy -id,^ng cxtrace.lu.arly in the intestine 

ofl.ee (seep. 629) A third group, subgenus Zinscrra, contains one 
species' R <sulxunamushi . which causes scrub typhus and is trans¬ 
mitted'by'the larvae of trombiculid mites (redln.gs) being trans- 
ovarially transmitted in these mites. In addition to Bs dilrtereii, mode 
of transmission it differs from the typical ncektts.as in other minor 

“ genus Coxiella contains the important species. C. hurncUi, 
which causes Q fever of man and animals. It multiplies m the cyto¬ 
plasm of mammalian cells, but outside the cell, .n arthropods and is 
filtrable. It multiplies in all kinds of ticks, but also in fleas, lice bugs 
and dermanyssid bird mites. It is not transovarially transmitted by 
arthropods and is commonly transmitted by such agents as dust m, k 
meats, etc. It has been reported to occur in chickens and to be 

tf 'TlTgem.s Cowdrii, also contains only one species. C. ruminantium. 
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which causes “heartwater” of ruminants, and is transmitted by ticks, 
not, however, transovarially. 

In addition to these rickettsias there are other organisms which have 
been included with them, but they (and their affinities) are less well 
known. These include a few species of Ehrlichia pathogenic in mam¬ 
mals and transmitted by ticks (E. bocis in cattle; E. canis in dogs); 
Neorickettsia helmintheca which causes salmon-poisoning in dogs and 
is transmitted by a trematode (see p. 323); and a number of species 
from arthropods, some of which are probably commensals. 

Typical rickettsial diseases. The typical rickettsias cause typhus 
or typhuslike diseases which are transmitted by ticks, mites, fleas, or 
lice. The diseases of this group all have similar general pathology 
and clinical character and show various degrees of cross-immunity. 
In all of them the serum of an immunized animal causes agglutination 
of certain strains of bacilli of the genus Proteus , although these bac¬ 
teria are in no way related to the rickettsias; this is called a Weil- 
Felix reaction. In the tick-borne, flea-borne, and louse-borne types 
of typhus, as well as rickettsialpox, strains called 0X19 and 0X2 are 
agglutinated in various titers; in the mite-borne scrub typhus, strain 
OXK is agglutinated but the others are not. 

Characteristic features of the typhus group of diseases are fever, 
an eruptive rash or purplish spotting of the skin a few days after 
onset, nervous and often gastrointestinal symptoms, microscopic nod¬ 
ules around arterioles, and a marked reduction in leucocytes (leuco- 
penii). In some, e.g., scrub typhus and boutonneuse fever, an ulcer 
develop-, at the site of the infective bite. 

r hc vtuious forms of tick typhus (see p. 589) caused by the Der- 
mcu.nUroxeiw group arc certainly closely related, although several 
* are sufficiently distinctive so that their rickettsias are dignified 
by scpaiate species names, e.g., R. rickettsii of spotted fever in North 
and South America; R. conorii of boutonneuse fever in the Mediterra¬ 


nean region, 
of Central 


a ‘d similar if not identical tick-borne, typhuslike diseases 
me! South Africa and India; and R. australis of North 


Queensland fiik typhus. The parasite of rickettsialpox also belongs 
to Dcrmacentroxcnus, although its vectors are mites instead of ticks 


(see p. 553). 

There is likewise a close relationship between flea-borne endemic or 
murine typhus (see p. 653^ and louse-borne epidemic typhus (see p. 
628); they differ principally in their effects on laboratory animals. 
There is some evidence that either one of these types may revert to 
the other. 1 he flea-borne type is undoubtedly the primitive one, 
from which the louse-borne type developed when lice originally ac- 
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quired the rickettsias from human beings who were accidentally in¬ 
fected by rat fleas, for lice invariably die from typhus infections, 
whereas fleas do not appear to be inconvenienced. However, trans- 
ovarial transmission does not occur even in fleas, so one may specu¬ 
late that possibly a tick- or mite-borne type was the parent ot the 
flea-bome type and the grand-parent of the louse-borne type 

Scrub typhus (see p. 553), transmitted by larval trombicuhd mites 
(redbugs) and called by various names in different parts of the 
Orient, is immunologically a distinct type, though clinically it re¬ 
sembles other typhus diseases. In 1946 a ricketts.a resembling that 
of scrub typhus, and thought to be transmitted by Twmbicula microli, 
was found infecting numerous meadow mice (Micro,us) on an island 
in the St. Lawrence near Quebec. No human infections have been 

° b Un r iike' most virus diseases, the rickettsial diseases are susoeptible 
to treatment with certain antibiotics, particularly Terramyc.n, but 
also chloramphenicol (Chloromycetin) and Aureomycn to a some- 
what less degree. Patients who arc treated with these d gs 7 da> 
or more after onset of the disease never relapse, whereas hose treated 
earlier sometimes do so temporarily. This suggests that anti¬ 
biotics do not directly kill the organisms but suppress them for a 
number of days until «>«MJ*- has time 

isiJ — “s™ 

in chick-embryo yolk sacs, in ticks or lice, or ... lungs of intranasally 

.1— 9 c~ P 215) r noted above, 

is caused by a filtrable rickettsia. Coxiella burnetn. This ^e was 
probably originally tick-borne, and thus transmitted among wild 
animals but it is secondarily transmitted, particularly to man by con¬ 
tact with cattle or their feces or dried urine, by ....pasteurized milk, or 
by inhaled dust or droplets. In this disease pneumonic symptomsare 
prominent and there is no rash Q fever is susceptible to treatment 
with Terramycin but not with the ot ur an i 10 ics. 

Salmon poisoning, long though, to be a fluke-transmitted virus sec 
p. 323), was shown by Cordy and Gorham ( 950) to be caused by 

a rickettsialike organism, NeorickcUxiahclmintheca 

Heartwater fever, caused by Cow,In,, rumvnantmum, thut differs 
somewhat from other rickettsias morphologically, is a disea.se of cat 
sheep and goats in South Africa, transmitted by ticks. The most 
characteristic symptom is accumulation of fluid in the pericardium. 
In addition to these forms, rickettsias or rickettsialike organisms 
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have been described from Bullis fever (see p. 593) and trench fever 
(see p. 629) in man. Elementary bodies of a number of filtrable 
viruses (see p. 227) have also been interpreted by some workers as 
rickettsias. Actually, the borderline between rickettsias and filtrable 
viruses with visible elementary bodies is becoming increasingly ob¬ 
scure, as Philip (1943) pointed out All the arthropod-borne rickett¬ 
sial diseases are discussed further under their respective vectors. 

Bartonella-Anaplasma Group (Bartonellaceae) 

These minute organisms, like the rickettsias, stain poorly with ani¬ 
line dyes, but well with Giemsa’s stain. They parasitize the red blood 
cells of man and other mammals, and some, at least, have arthropod 
vectors. Some were once classed with Protozoa, but they show no dis¬ 
tinct cytoplasm or other typical protozoan characters. The included 
organisms arc as follows: 

1. Anaplasma, which causes severe and often fatal disease of cattle, 
characterized by fever and intense anemia. Appears as minute round, 
deep-staining dots, about 1 m in diameter in red corpuscles (Fig. 34M). Is 
transmitted by ticks (see p. 597) but also mechanically by instruments in 
dehorning, interrupted feeding of biting flies, etc. 

2. Eperythrozoon, species of which cause somewhat less severe disease 
in a variety of animals, including ictcro-anemia of pigs. Somewhat re- 
sembles Aiuiplasiua, but stains blue or violet instead of red. One species, 
in rodents, is known to be transmitted by a louse. 

3. Grahamrlla , bacterialike bodies that stain light blue with darker areas 
at the poles, in corpuscles of moles; the same or similar forms reported in 
many rV. animals. Pathogenic to moles and rodents. 

4. tiacmoburtonella , minute coccus or bacillary forms scattered on sur¬ 

face of red cells of many animals; cause disease only after splenectomy, are 
el : i i by also iio.il drugs, and arc cultivated on artificial media with 

d:«f\ i 1 * One < 's. II. muris, is practically universal in wild and most 
strains of ! bo;.*; t rat* but demonstrable only after splenectomy. Trans- 
mis'* b\ lk*ns. lice. bugs. etc. 

5. lf;n toucila , which multiplies in endothelial cells as well as in red blood 

cells. Cultivable media. Include s one speeies. B. bacilliformU, 

the c.u .* 1 \ fe\tr ,.nd verruga peruviana of man in South America 

(see p. 674). by indflies ( Phlebotomus ]). 

Of these orga isms, .'w plasma was the last to be evicted from the 
Protozoa, where ;t was long thrown in with the Haemosporidia for 
want of a better place to put it. De Robertis and Epstein in 1951 
showed by electron microscopy that it reproduces by budding off 
numerous particles of submicroscopic size; these scatter in the cor¬ 
puscles and presumably are liberated in the blood to infect other 
corpuscles. 
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Spirochetes 

The spirochetes, once included in the Protozoa with which they 
have some affinities, particularly in their staining reactions, arc now 
considered an Order of the bacteria. They lack a distinct nucleus, 
they divide by transverse fission, they are not oriented into antenor 
or posterior ends, and they have extraordinarily flex.b e and mo lie 
bodies although devoid of true flagella. All are slender, elongated 



Electron micrograph of Bond* 


(From 


Fig. 46. 

K. W. G. Wyckolf, Electron Microscopj 


. copyright 1949, In ter science Publishers, 


New York, London.) 


organisms spirally twisted, swimming by means of spiral waves pass- 
organisms, -i Sll ,.»rslivc of minute, very animated cork- 

ini' through the body, aim 

s TiT^p!!!>Vh^ ,wo fa " ,ilics: s P ir ° c|i ‘ it r tace; ^ 

. '} ,, , ( , n 0 i l ar oc, coarse-spiralcd organisms (I*ig. 47, 

fontniniiii' three genera oi i.u-,'-* 1 . 

contammg b lon „, which live in stagnant water or (genus 

£ ?}: 45 * prvst'dlinc Stvle <>l bivalve mollusks; and Trepone- 

Cristispira ...■ » cry U h ■< ‘ - slcndcr organisms, 6 to 18 

mataceae conta.mng sma . V ^ jn diamcler Only 

,n length an;;n'> -£-™ t|k , c are thrcc genera of the Tre- 
these are of concern to '[ and Lc , >tospira . Some are free- 

ponemataceae: Borrc I are normally harm less commensal 

» r . *- - k « •"= 

most highly pathogenic parasites of man and ammals. 
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Borrelia. These spirochetes have smooth, graceful coils when 
alive, although these become distorted after death (Fig. 48). Unlike 
those of the other genera, they stain readily with aniline dyes as well 



B 



D E F 

Fig. 47. Types of spirochetes, drawn to scale. A, Splrochaeta plicatills (500 X 
0.75 11 ); B, Saprosplra grandis (50 x 0.8 m); C, Cristispira anodontae (60 x 
1.8 n)\ D, Borrelia recurrent is (15 x 0.25 n); E, Treponema pallidum (10 X 
0.25 m); F, Leptospira tcterohacmorrhaglae (15 x 0.2 m). (Adapted from 
various authors.) 




Fig. 48. Borrelia duttoni. di >wine appearance of spirochetes when living (left) 
and when dried and stained, x 1000. (After Wenyon, Protozoology, London, 
1926.) 


as with Gieinsa stain. Some species are found on mucous membranes 
or in sores, where they ordinarily live as harmless commensals, al¬ 
though either they or organisms that closely resemble them become 
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these spirochetes are capable of undergoing antigenic changes, so 
that as antibodies appear against one form another develops and 
causes a relapse. This process may be repeated five or six times in 
the tick-borne strains, but the louse-borne strain usually produces 
only one relapse. 

Although, like other spirochetes, Borrelia is susceptible to both ar¬ 
senic compounds and certain antibiotics, particularly penicillin and 
terramycin, relapses tend to occur because of the failure of spiro¬ 
chetes in the brain to be destroyed. 



rig. SO. Left, spirochetes from a s\pliilitic lesion. The two in the center are 
• ponema pallidum; the others a saprophyte, T. refringens. Bight , T. pallidum 
in liver tissue ot a syphilitic fetus. 



/ i cponemn. i hese are slender, kinky-coiled spirochetes that do 
not stair. ltachlv with aniline dyes but can be stained with Giemsa or 
by silver impregnation methods. Eight species have been recognized, 
o! which lour are pathogenic and will not grow in artificial culture. 
1 life<* ot die latter—/. pallidum of syphilis, T. pertenue of yaws, and 
r. caraicum of pinta are. in nature, strictly human parasites; the 
fourth, 7\ cuniuili, causes .« syphilislike disease of rabbits. The other 
species of 'treponema are saprophytic forms that thrive in the mouth, 
genitalia or sores, or (one species) in pond water. All the tre¬ 
ponemas are morphologically similar; (Fig. 50) the body consists of 
(> to 1 i short, sharp coils each occupying about 1 p. 

Probably all the pathogenic forms have been derived from a com¬ 
mon ancestor (see Hudson, 19-16), which under diverse climatic and 
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sociological conditions lias differentiated into forms that differ in their 
clinical manifestations, geographical distributions, usual modes of 
transmission, and predilection for tissues (other than the skin). All, 
however, respond alike to the serological tests (Wassermann, Kahn, 
etc.), in which nonspecific lipoidal extracts of normal tissues are used 
as antigens, and to treatment with arsenicals and with penicillin and 


other antibiotics. ,, , 

Syphilis, caused by T. pallidum. is a pitifully common and widely 
distributed disease in temperate climates. In most places it is 
primarily a venereal disease, since the parasites are very fragile and 
are successfully transmitted only by very intimate and direct contact. 
However, in certain countries where living standards are low, there 
are nonvencreal forms of the disease, attacking children primarily. 
The spirochetes have shown no tendency, as have so many organisms, 
to develop resistance to penicillin; in earlier stages of the disease a 
single injection of a slowly absorbed form of this is usually adequate 
for cure and even in neurosyphilis most cases respond to a series of 
six injections. As a consequence this disease is far less formidable 
a menace than it was before and during \\ or Id W Ml I. , 

Yaws, caused by T. pcrtenue, is a disabling and disfiguring disease 
especially prevalent in tropical America, Africa, and the I'm Last. 
(See Fig 51.) It attacks almost exclusively the dark-skinned races. 
In many areas practically 100* of the children acquire the chsea^ 
and many adults continue to suffer from some of its horrible later 
manifestations, e.g„ crab yaws, ulcerated lesions. gangosa, goum^; 
and bone deformities. T. pcrU'.uc attacks primarily 'P r ' 
later it may attack the bones or other tissues but randy he ,icnou 
or vascular tissues which are so prone to attack by late syp 1. . . 

is transmitted through abrasions in the skin by d rec outag e, 
through the agency of flies, particularly eye flies (see p. 709), that 
feed avidly on the spirochete-loadcd skin lesions. Yaws is usually 
easily diagnosed by its lesions, and it responds to trea inent with 
pemcil^even more readily than syphilis. Prior to 
were estimated to be over 50 million eases of >»'“■ 

Africa but nation-wide campaigns sponsored by WHO arc making 
tremendous inroads on this. In Ha*. for example, where over one- 
third of the rural population was afflicted a few years ago, >asss is 

“JlKwnt caused by T. —. 

America from Mexico to Ecuador and Bolivia, being Particularly co^ 
mon in southern Mexico and in Colombia; cases have also l>een reported 
in the Old World. Like yaws it affects dark-skinned people almost 
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exclusively. Its principal and usually only serious effect, other than 
psychological, is the eventual development of unsightly white patches 
on the skin, and often a thickening of the palms and soles late in the 
disease. It is transmissible by contagion, and possibly by ectopara¬ 
sites, through minute abrasions of the skin, but not by blood or pre- 



'q. M. A c:»;c of yaws. (I*. S. Army Institute of Pathology photograph.) 
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•v . c* Marquez et al. (1953). 

ly slender organisms with spirals 
•wllv i ' only by dark-field or phase con- 
1 " ! ire hooked at one or both ends (Fig. 47C), 

1 ’ ' of the body. They react to 

as '.r. the treponemas. 



r e mi-pi - ons ( or 30) 
iled primarily b\ th-.-ir 
i single geographic;:* art 


'trains or "serotypes’' of Leptospira, 
serological reactions. Many may 
a. e.g.. at least 10 occur in Panama. 


o in their pathogenicity for various 
iduccd, and the principal reservoir 
budicri, 19S8). One strain (L. biflexa) 
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alkaline water for two or three weeks. Ro- 
ihi primary and reservoir hosts of most if not all of the 
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strains (Stoenner, 1957), although dogs, cats, and pigs are important 
for some. Birds appear to be of minor importance. The leptospiras 
enter through mucous membranes or minute skin abrasions, live and 
multiply for a while in the blood and tissues, especially the liver, 
kidneys, and meninges, and eventually may persist for life in the 
kidney tubules, where they are protected from antibodies, audience 
they are continually excreted in the urine. Most if not all of the 
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rats; (2) L. canicola, chief reservoir, dogs; and (3) L. pomona, com¬ 
mon in pigs, cattle, and horses, and especially harmful for cattle. 
L. grippotyphosa of swamp fever in Europe, L. hebdomadis of 7-day 
fever in Japan, L. australis A and B of Mossman fever in Australia, 
and L. bataviae of infectious jaundice in the Far East (none limited 
to those localities), as well as many other strains, have their chief 
reservoirs in wild or commensal rats, mice, or voles. 

Other Arthropod-Borne Bacteria 

Although a few bacteria are able to cause disease in arthropods, the 
latter, particularly some of the blood suckers, are remarkably resistant 
to the establishment and multiplication of most bacteria other than the 
atypical spirochetes and rickettsias. In many species, e.g., bedbugs, 
lice, and some ticks, the intestine contains potent bactericidal proper¬ 
ties and may be completely sterile, whereas the intestines of others are 
packed with particular kinds of bacteria (see Steinhaus, 1946). In 
many insects, e.g., flies, roaches, and ticks, the intestine may harbor 
various bacteria (such as those of anthrax and the intestinal group 
causing typhoid, dysentery, and food poisoning) long enough for them 
to pass through and be voided in the feces, sometimes perhaps with a 
little multiplication en route; however, such infections do not persist. 
In the case of ticks such infections are often transmitted while the tick 
is biting. Ornithodoros and fleas have been found to harbor Salmonella 
enteritidis and to transmit it to experimental animals; ticks, bedbugs, 
and fleas may be vectors of brucellosis (see pp. 595, 607). The tick 
Dermaccntor albopictus has been shown to harbor a bacterium, Kleb¬ 
siella paralytica, th.it causes a disease of moose. 

The only typical bacteria which establish themselves, multiply, and 
persist in arthropods, so that the arthropods act as true biological trans¬ 
mitters. are two species of the genus Pastcurella: P. pest is, the cause 
of plague, and P. tuluiensis, the cause of tularemia. These are small, 
nonmotil \ nonspore-formiiig bacilli which stain deeply at the ends 
(bipolar staining). P. pcstis, when ingested by fleas with the blood of 
an infected animal multiplies so prodigiously in the esophagus, pro- 
vcntriculus, and stomach that it frequently blocks the alimentary canal, 
but it does not invade other parts of the body and does not multiply 
in any other insects. P. tularcnsis, on the other hand, can be trans¬ 
mitted by a variety of arthropods, including ticks, deerflies, lice, bed¬ 
bugs, and fleas. However, there is little doubt that ticks are the 
primary arthropod hosts. Unlike P. pcstis in fleas, P. tularcnsis invades 
the hemocoele in ticks and is transovarially transmitted. Plague is dis¬ 
cussed further on pp. 650-653, and tularemia on pp. 594-595. 
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Filtrable Viruses 

A considerable number of important human diseases have causa¬ 
tive agents so small that they are beyond the range of visibility and 
will pass through filters which will hold back any microscopically 
visible organisms. These filtrable viruses are probably not primitive 
forms of life but highly degenerate forms that have become more and 
more dependent on the cells in which they live to provide them with 
enzymes and materials that free-living organisms provide for them¬ 
selves. The intracellular rickettsias and some of the largest viruses, 
e.g., vaccinia, are only a little less complex than bacteria, but the 
process of loss and of concomitant decrease in size continues until... 
L smallest and simplest viruses, like those of tobacco mo 
poliomyelitis, little or nothing is left but naked nucleoprotein molecule 
which have inherent in them the power of reproduction. The hos 
cells provide all the necessary enzymes and materials. In many "a>s 
the simplest viruses are comparable with genes Imth j" ^ 

ties, differing mainly in the ability to move from ce to eU^ T1. drf 
ference loses a good deal of its meaning m the light of recent work 
reformation of bacteria by deoxyribonucleic acid preparations. 

Like genes the viruses unc'ergo mutahon features in 

Although not a natural group, all siruscsna . 

common They are more resistant to antiseptics than bacteria. 1 hc> 
common, imy • whic h they grow to increase imilti- 

al ! tend l<> * t,,nl1 j‘! < ‘ Zith of the cells, but the necrosis may occur too 
plication, followed by" lu / appar , nt . and this is the only 

rapidly or the g™" ‘ „ whjch ca „not multiply. Many produce 

observed effect m - - cells masses of the elementary Ultra- 

inclusion bodies which arc these elementary 

ble bodies. As noted on J psit , ac osis. 
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and lymphogranuloma l have be mant i e of amorphous mate- 
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rial produced by cc - (inan ,|ed animals) was once proposed, 
special class Gh amydozoa t fra|Wng anH bodies which in- 

Al' viruses stimulate J c most t „mmonly used method 

activate them and therein p 

for identifying them classify viruses and give 

An attempt has for other organisms, but this has 

- virologists continue to refer to them by 

somewhat informal names. 
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The viruses of vertebrates that are primarily arthropod-borne fall 
reasonably well into two principal groups. One contains forms that 
are primarily “visceral”; these produce fevers, sometimes a rash, and 
a marked decrease in leucocytes (leucopenia). Yellow fever, Rift 
Valley fever, dengue, sandfly fever, and Colorado tick fever belong 
to this group. The second group contains forms that are neurotropic, 
at least to the extent that their most serious pathogenic effects are on 
the central nervous system, although in a high percentage of cases, as 
in poliomyelitis, these neural symptoms may not appear at all; to this 
group belong the encephalomyelitis viruses (see pp. 752-754). The 
distinction between these two groups is not, however, very sharp, for 
neurotropic strains of yellow fever and dengue have been produced 
in the laboratory, and there are many viruses in tropical Africa and 
South America which show no sharp tendency to be either viscero- 
tropic or neurotropic, or whose affinities are very imperfectly known, 
if at all. Good examples are the West Nile and Ntaya viruses of 
Africa (see p. 755). 

In addition to the groups of viruses discussed in the last paragraph 
there are a number of others that may be transmitted by arthropods 
but are not primarily dependent on them, such as fowlpox of birds and 
swamp fever of horses. 

It is still uncertain what role arthropods play in transmission of 
poliomyelitis, but the epidemiology strongly suggests their implication. 
The disease is prevalent in summer, is more frequent in small towns 
and edges of cities than in the centers of them, and does not spread in 
crowds. Flies harbor the virus, which they acquire from human feces, 
and monkeys eating food contaminated by infected flies show evidence 
of infection bv developing neutralizing antibodies, as do a large per¬ 
centage of human beings when an outbreak occurs, but there is no 
paralvsiv Furthermore, fly-controlled areas in south Texas had as high 
an 'nc'dciK • >1 polio cases as did uncontrolled areas. Might it not be 
possil.' tkif infection via the digestive system by small doses of virus 
clop • n:i food by flic* may lead to immunity without paralysis? 

* ‘in of tiif* virus from the blood argues against artliropods 
uicvr ,, '• b\ stick mg blood, although they might possibly inoculate 

• l in om< other wav. Mosquitoes like Culcx might acquire 

r. ’ ; i 'io»- ‘•owagc-pollutcd water as larvae, and subsequently in- 
c- 'o t * becoming adults. 

C 1 ' th» «•’ ''••.■nip of primarily arthropod-borne virus diseases just 
me>» ' \ -eliow fever is the most severe and is the only one causing 

mcr i'ii u is transmitted by mosquitoes, although an instance of 
v" venial transmission to a monkey by a mite has been reported. 
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The disease is discussed in more detail on p. 742. The vinis is present 
in the blood of patients for only 3 days and requires about 10 days 
for a mosquito to become infective, after which it persists for hie, 
although it is not transovarially transmitted. Dengue fever (see p. 
750) of which there arc at least three distinct antigenic types, is also 
transmitted only by mosquitoes, but the evidence is conflicting as to 
how long it takes for mosquitoes to become infective and whether 
transovarial transmission can occur (see p. 751). Sandfly feve ‘‘ 1S ve ">’ 
similar to dengue, but is transmitted only by Phlebolomus 
in which it is transovarially transmitted; at least two anUgenic types 
exist. Colorado tick fever (see p. 596) is also very similar to dengue 
but is transmitted by ticks; transovarial infection occur*. MkVdky 
Fever of east central Africa is a severe disease of sl eep but m,W m 
man; it also affects cattle, monkeys, and rodents. It is believed to be 

'TflelrXr^d-bornc viruses causing encephalomyelitis 
or encephalitis, sometimes erron^.sly calM 

and St. Louis encephalomyelitis; several .n Soutl “ ““£2 

Venezuelan and Argentinian; two in vklley; 

Russian spring-summer others.‘in Africa, of which 

and about a dozen, distinct from . primarily mos- 

West Nile and N.aya are commonest ^ cpt Hus . 

quito borne and are <hsc.issed fu . ” nittct | by ticks and is dis- 
sian spring-summer disease, whic • • very close 

cussed on p. 597. As Warren of looping ill in 
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sheep; the former commonly attacks inan " 
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viruses, including yellow f« • ■ *> moS quitoes and not 
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primarily by Culex, and tha I ( ^ s(lggestcd that the temperate- 
mammals rather than birds. . „„ migr a,ion of their bird 

zone viruses may depenu 

known about transmission o, v*-s by bubo,nth,, bu, tbt. 
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is a subject worthy of further investigation. The virus of swine influ¬ 
enza is transmitted by a nematode lungworm (see p. 446), and that 
of lymphocytic choriomeningitis has been shown to be transmissible 
by Trichinella larvae. It is possible that such diseases as poliomyelitis, 
ornithosis (psittacosis), and other viruses which are abundant in the 
intestine, might be transmitted by eggs of intestinal worms. 
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Chapter LL 

INTRODUCTION TO THE "WORMS" 


Classification. The name “worm” is an indefinite though sug¬ 
gestive term popularly applied to any elongated creeping thing[that is 
not obviously something else. There is hardly a branch or pMumof 
the animal kingdom that does not contain members to which the ter 
worm has been applied, not excepting even the Chordata^ In fact 
some animals, such as many insects, are worms during one phase of 

X .tTSA’=£2 ~ « helminth, 

minthes or roundworms, and the Annenua v 

mented worms including the ' tee »■ of helminths may be 

TW '' — L. K.ro c„s, ,he world 

roughly judged byStoH. »» 72 million cestode. 148 

today, among some^2200 m ncin atode infections. There 

million trematode. and over 2000 mn decreased in the 

is little reason to believe that In - in ^ lo() , QW now . 

STSS S m a oneyId brains, these are not evenly distributed 

among the individuals! helminths of lowest 

P..,yhelmin. .es. Tlns phylum ^ from the dorsal 

organization. The 8 - 'n name flatworm. Unlike nearly 

to the ventral ^<le, ncc h ^ ^ cavity , thc organs 

all other many-celled a n na y . chynia .. or packil ,g tissue. 
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generation of flukes known as rediae, consists of a blind sac with only 
a single opening, serving both as a mouth and as a vent but in most 
adult forms this sac is variously branched and in a few flukes even has 
an anus. On the other hand, tapeworms get along very well without 
any digestive tract, food being absorbed through the outer surface, 
some from nutrients in the hosts meals and some from the secretions ot 
the host intestine. The nervous system is very simple, and the primi¬ 



ng. 53. Diagrams of digestive tracts and cross sections of bodies of repre¬ 
sentatives of Platyhelinintlics (A); Nemathclminthes (B); and Annelida (C). 
A, lluke; gut branched into two rcc-a, no anus and no body cavity. B, nematode; 
gut a simple tube with only pharynx differentiated, anus present, body cavity a 
pseudocoelom not lined by splanchnic mesoderm internally. C, leech; gut with 
coca for surplus food, anus present, Ixnly cavity a true coelom lined by splanchnic 
mesoderm internally and somatic mesoderm externally. Abbreviations: ect., 
ectoderm; end . endederm: »ies., mesoderm; ;n.c., pscudococlom; s.m., somatic 
mesoderm; sp.m., splanchnic mesoderm. 


five ganglia which serve as a brain are located in the anterior portion 
of the worm. Performing the function of kidneys is a system of tubes, 
the tertnina! branches of which are closed by “flame cells,” so-called 
from the flanielike flickering of a brush of cilia which keeps up a flow 
of fluid toward the larger bran* hes of the system and ultimately to the 
excretory pore, thus conducting the waste products out of the body. 

The most highly developed systems of organs, occupying a large 
portion of the body, are those concerned with reproduction. All but 
a few of the Platyhelminthes are hermaphroditic, containing complete 
male and female \st -ms in each individual; in tapeworms both sys- 
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terns are usually complete in each segment and there may even be 
double sets in each segment. In addition to the ordinary sexual re¬ 
production of the adults, many flukes and tapeworms have^special 
asexual methods of multiplication in the course of thelr 
The flatworms are usually divided into three classes ** 
the Trematoda and the Cestoidea, but some zoologists include also 
the Rhynchocoela, a group of band-shaped marine worms, none 

mrSrt free-living ani 

internally on aquatic or land an n. 1.. ^ {urnis hed with 

flattened animals, commonly • I as externa i 

suckers a ^ ^ ^ 

parasites of aquatic animal:s has I ^ # complex i ife history, 
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including two or three asexual generations, and '"volving 
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The third Cass, and 
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the adult worms are single ■"< 1 ll „ u . Members of a single family 
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(Caryophyllaeidae) consi ' namc has been used in the past 

Nema.lielni.nll.es. Th.s|l J of which only the class 

to include various assembl g the Nemathelminthes once m- 

Nematoda has always been p - ’ eyen ,| le gregarines (see p. 

eluded not only the Acant wcej who inc i ut i es six classes in this 

161). Because of tins, .. Ascllc lminthes." She defines 

phylum, prefers thc ,css * ' ke bi |aterallv symmetrical, unsegmented 

the phylum as mostly wormlike. 



240 Introduction to Parasitology 

animals provided with a body cavity (not a true coelom), with a di¬ 
gestive tract lacking a definite muscular wall and with both a mouth 
an anus, and no respiratory or circulatory systems. In addition to the 
Nematoda, five other classes are included, all of them unknown to the 
average layman, and most of them even to zoologists who have not 
by some odd chance been attracted to them; they are (1) the rotifers, 
(2) the gastrotrichs, (3) the kinorhynchs and echinoderans, (4) the 
priapulids, and (5) the horsehair worms (Gordiacea or Nemato- 
morpha). The last class, Gordiacea, are the only ones likely to attract 
attention as "worms”; the name "horsehair worm” comes from a popu¬ 
lar idea, not yet dead, that they develop out of horsehairs that fall 
into water. They are very long and slender hairlike worms that live 
as parasites in insects until almost mature, when they emerge from 
the insects and reproduce in water or soil. Occasionally they are ac¬ 
cidentally swallowed with drinking water and are usually promptly 
vomited, much to the surprise and horror of the temporarily infested 


person. 

The true nematodes are cylindrical or spindle-shaped worms covered 
by a very resistant cuticle; they have a simple digestive tract with 
mouth and anus, a fluid-filled body cavity which is not lined by epi¬ 
thelium as in other animals; and usually separate sexes, with the sex 
glands continuous with their ducts in the form of slender tubules. 
There is an excretory system consisting of a glandular apparatus open¬ 
ing through an anteriorly situated excretory pore, in some forms con¬ 
nected with longitudinal lateral canals. The development is always 
direct and simple but sometimes requires two hosts for its completion. 

Acuntlioceplinla. The spiny-headed worms were long included in 
the Nemanthelminthcs, but they have little in common with the nema¬ 
todes in cither structure or development; they constitute a very aber¬ 
rant and sharply defined group of parasites of vertebrate animals. 
They arc characterized by having a large body cavity, complete lack 
of a digestive tract, a spiny proboscis retractile into a sac, and separate 
sexes with reproductive systems of unique character (sec Chapter 16). 
The development, winch involves an arthropod intermediate host, 
mor< icarly i lbles that of flatworms than that of nematodes. For 
the present it seems best to recognize Acanthocephala as a distinct 
phylum with affinities closer to the cestodes than to nematodes, as 
Van Cleave did in 1948. 

Annelids. The most highly organized group of helminths is the 
phylum Annelida, including the earthworms, leeches, etc. In three 
important respects these worms are the first animals in the scale of 
evolution to develop the type of structure characteristic of the verte- 
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brate animals, namely, a division of the body into segments, the pres¬ 
ence of a blood system, and the presence of nephndia —primitive 
excretory organs of the same fundamental type as the kidneys of higher 
animals. In addition the digestive system is highly developed and 
there is a well-developed nervous system with a primitive brain in t 
head. In some annelids the sexes are separate, though in others both 
reproductive systems occur in the same individual. 

Three classes of Annelida are usually recognized of whJone> 
Hirudinea, or leeches, are of interest as bloodsuckers T^chffe 
from other annelids in lacking setae, in the possession ° f s ^ ers *° 
adhering, and in the fact that the external annulahon of the body does 
not correspond exactly to the true internal ^'gmentanom These an 
mals superficially -mble^ so much^o ^ 

segmentation^/ £ body and internally by their totally 
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even fatal loss of blood, and sometimes strangulation, from the settling 
of “horse leeches” of the genera Limnatis or Haemopis in the pharynx 
or nasal passages or sometimes in urinary passages, where they may 
hang on for days or months (Masterson, 1908). Another aquatic 
leech, Dinobdella ferox, is a serious pest in southeastern Asia (see 
Chin, 1949). When animals or human beings drink from water 
infested by it, the young worms quickly enter the nostrils or mouth 
and loop their way to the back of the pharynx or larynx, where they 
attach, grow rapidly, and often do much damage. Leeches lodged in 
the nasopharynx let go when 5% cocaine is sprayed into the nostrils. 

Although land leeches are nasty pests in some places, they are not 
known to be vectors of any human infection. Aquatic leeches serve 
as intermediate hosts for trypanosomes and Sporozoa of fish, amphib¬ 
ians, and turtles. They affect water birds by entering the nostrils and 
trachea, causing asphyxiation; by serving as intermediate hosts of 
flukes; by transmitting fowlpox and possibly other diseases; and by 
sucking blood from around the vent. As one writer put it, whether 
a duck is tickled or worried is hard to say. but not having hemorrhoids 
they presumably do not benefit from the leeches as did mankind thus 
afflicted in the Middle Ages. Some large leeches in northern United 
States feed voraciously on large snails and thereby seem to have ren¬ 
dered some lakes free of swimmer’s itch (see p. 294). These species 
do not suck blood from vertebrates. 

Parasitic habitats. Hardly any organ or tissue is exempt from 
attack by worms of one kind or another. There are flukes parasitic in 
man which habitually infest the intestine, liver, lungs, and blood ves¬ 
sels, and one species occasionally wanders to the muscles, spleen, 
brains, and many other organs. In other animals there are species with 
even more specialized habitats; some inhabit the Eustachian tubes of 
.rogs, the frontal sinuses of polecats, the eye sockets of birds, cysts in 
the skin of birds, etc. All the adult tapeworms of man are resident in 
the small intestine, but there are species in sheep and goats and one 
in »ats which habitually live in the bile duct; larval tapeworms are 
found m a great varii tv of locations—in the liver, spleen, muscles, sub¬ 
cutaneous tissues, eye, brain, etc*. 

Hie majority of the parasitic nematodes of man are resident in the 
intestine, but the filariac and their relatives inhabit various tissues and 
internal organs, such as the lymph sinuses and subcutaneous connective 
tissue. Nematode parasites of other animals, many of which are occa¬ 
sional or accidental in the human body, may occur in all parts of the 
alimentary canal and in its walls, and in liver, lungs, kidneys, bladder, 
heart, blood vessels, trachea, peritoneum, skin, eye, and sinuses. None 
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live as adults in the central nervous system, although invasion of it by 
larvae that have lost their way is a common and sometimes dangerous 
occurrence. The surface of the body and cavities of the nose and 
throat of man are not the habitat of any helminth parasites except 
leeches and the tongueworms; the latter are really ar‘ h roPods ( see p. 
562) although they have much more in common with the helminths. 

Physiology. Parasitic worms vary in their diets. Tapeworms, 
having no alimentary canal, absorb carbohydrates ^m matenal in- 
gested by the host but certain nitrogenous and probably ° ,lRr 
stances from the intestinal secretions of the host T '" C ! 
dence that competition for carbohydrate may be *emtical factor 
concerned in the "crowding effect ... tapeworm ii fcct.or^ neac 
1959; Holmes, 1959). Flukes feed in part on blood 
part on cells and tissue debris. Some nematode e.g °°~ S ; 
feed mainly on blood, but others subsist pnnc,pally on 
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is characteristic of aerobic organisms. Most parasite eggs also require 
oxygen to complete their development. 

The intermediary metabolism of helminths apparently involves a 
variety of enzymes catalyzing chemical reactions identical with those 
in the host, but Bueding has shown that these enzymes are immuno- 
logically different and, in some cases, have different physical properties. 

This is a field of parasitology which is still largely unexplored, 
but in which there is growing interest. Knowledge of the physiology 
and biochemistry of helminths may make it possible to find effective 
anthelmintics by a logical process of reasoning instead of the hit or 
miss method of trial and error used in the past, for a large proportion 
of modern chemotherapy, as noted on p. 9, is based on interference 
with enzyme systems of parasites. Some advances along this line have 
already been made. The recent in vitro cultivation of cestodes by 
Smyth, by Mueller, and by Schiller, Read, and Rothman and of para¬ 
sitic nematodes by Stoll and by Weinstein and Jones furnish new 
tools for studying the physiology of animal parasites. 

Although helminths are very poorly equipped with sensory organs, 
they show amazing ability to react when the necessity arises. With no 
evident specialized sense organs of any kind whatever, a single male 
TrichineUa finds a single female in the relatively vast expanses of a rats 
intestine, and some miracidia, the larvae of flukes, are attracted by 
their proper snail hosts as are filings by a magnet. 

Life history and modes of infection. The life history and modes 
of infection of worms vary with the habitat in the body. Every para¬ 
sitic worm must have some method of gaining access to the body of 
its host and must have some means for the escape of its offspring, 
either eggs or larvae, from the host's body in order to continue the 
existence of its race. Many species utilize intermediate hosts as a 
menus of transfer from one host to another; others have a direct life 
history, i.e., either they develop inside the escaped egg and depend on 
such agencies as foot! and water to be transferred to a new host, or 
they develop into free-living larvae which are swallowed by or bur¬ 
row into a new host. 

Most of the intestinal helminths enter their host by way of the 
mouth, and the eggs escape with the feces. Many species enter as 
larvae in the tissues of an intermediate host which is eaten by the 
final host, e.g., most of the tapeworms, many flukes, and some nema¬ 
todes (spiruroids). Some nematodes of the intestine, such as the pin- 
worm and whipworm, make their entry as fully developed embryos in 
the eggs. Others, like the schistosomes, hookworms, and Strongyloides , 
usually reach their destination in an indirect way by burrowing through 
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the skin. All the intestinal worms except Tricliinella produce eggs or 
larvae that escape from the body with the feces. In rnc/.melfa the 
larvae encyst in the muscles, and their salvation depends on their host 

being eaten by another animal. , 

Many of the helminths of other organs of the body also enter by 

way of the mouth and digestive tract, though they have 

the mouth or by accidental invasion of ‘by the 

• . . .. _ rase of SlMraanum infections in i^nina, o> »* 
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Since the vicissitudes of life for the offspring of parasitic worms are 
so great, it is obvious that there must be a tremendous waste of off¬ 
spring which do not succeed in the struggle, and therefore a sufficiently 
large number of eggs or young must be produced so that the chances 
of survival are a little greater than the chances of destruction. The 
numbers necessary to accomplish this are amazing. The hookworm, 
Anctjlostoma duodenale , lays in the neighborhood of 20,000 eggs a day, 
and it may do this for at least 5 years; the total offspring of such a 
worm would number over 36,000,000. If the number of hookworms 
in a community remains about constant, as it usually does, and the 
percentage of males and females is equal, the chances against a male 
and female hookworm gaining access to a host, and living for the full 
period of 5 years, is then 18,000,000 to 1. The hookworm, however, 
has a comparatively simple time of it. Flukes and tapeworms have 
an even more difficult problem to face. According to estimates of 
Penfold et al. (1937), a beef tapeworm produces over 2500 million 
eggs in 10 years, yet this worm is rare enough so that most practitioners 
keep specimens in bottles on their shelves! 


I* hikes and tapeworms owe such success as they have to two special 
devices in their life cycles. In the first place, they have to a large 
extent substituted self-fertilization for cross-fertilization; they combine 
male and female organs of reproduction in a single individual and do 
no! take chances on other individuals of the opposite sex being present 
to render the eggs viable. In the second place, efficient egg-making 
machines as they are, they have found the production of sufficient eggs 
1>> one body inadequate. A tapeworm overcomes the difficulty by con¬ 
stantly reproducing, sometimes for years, more egg-producing seg- 
m essence new individuals, by a process of budding. Some, 
M< *' ,s <'l>s and Echinococcus , go even further and produce sev- 
'\‘*i< many thousands of buds while in the larval stage, each of 
wh.c ) i capable of developing into a new individual when, if ever, 
it iceeik s il< final host. 


Mu,., ana u the same end in a different way. Instead of producing 
a su ™cicnt ;s to overcome the chances of destruction 

through the vs,ole c\de of development, they distribute the risk. 
They produce enough eggs to overcome the chances against their 
reaching the me.Husk wh.\h serves as the first intermediate host; then, 
in Older to overcome die odds against them in the subsequent part of 
the life cycle, the successful individuals reproduce asexually. This is 
accomplished by a process of multiplication and separation of the germ 
cells before they cooperate to lorm a new individual—what zoologists 
call polyembryony. A single schistosome embryo, after successfully 
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reaching the liver of a snail, may give birth, by asexual reproduction, 
to over 100,000 progeny. Without this advantage a schistosome would 
have to produce thousands of times as many eggs as it does. 

Significance of intermediate hosts. One might reasonably ask 
why some worms adhere to the life cycles which they have, when so 
much simpler ways of reaching their hosts would seem to be available. 
A fluke which lives as a parasite in the intestine of a bat, for example, 
would seem to be very ill-advised to select a snail, on which bats do 
not feed, as an intermediate host, when an insect would serve so much 
better. Nature is in this respect strangely inconsistent—she is a pecul¬ 
iar mixture of progressiveness and conservatism. In many instances, 
as we have seen, she has evolved the most intricate specializations both 
in life cycle and in structure; there are innumerable instances in the 
animal kingdom of short cuts and detours in life cycles, devised to meet 
newly developing conditions. On the other hand, there are some short 
cuts that nature is too conservative to take. It is one of the funda¬ 
mental precepts of embryology that ontogeny, i.e., the development of 
the individual, recapitulates phytogeny, which is evolutionary develop¬ 
ment of the race. Many unnecessary phases are, however, slurred over 
or greatly altered, and sometimes entirely new phases are interposed 
to meet the exigencies of the situation, as, for example, the pupa of 
insects (see p. 526). 

Now intermediate hosts, in which partial development occurs, are 
unquestionably in many instances ancestral hosts. Mollusks are prob¬ 
ably to be regarded as the hosts of the redialike or cercarialike ances¬ 
tors of digcnctic Hukes. In the course of evolution these developed 
further until they reached the condition of modern flukes. Nature, 
however, has been too conservative to produce flukes in which the 
mollusk phase of the phytogeny is omitted in the ontogeny; this is 
apparently too radical a short cut. The result is that all flukes, with 
the exception of two species with forked-tailed cercariae, CercarUi 
loossi and C. hartnmnae, which develops in annelids, must first be 
molluscan parasites regardless of their final destiny, just as a chicken 
must have gill slits like a fish before it can have lungs like its parents. 
Therefore we have the irrational condition of flukes becoming first 
parasites of snails, then of insects, and only after sojourns in these ani¬ 
mals, parasites of bats or birds. Undoubtedly the earliest method of 
transfer of flukes to their final hosts was by the eating of the infected 
mollusks, a method still adhered to by many flukes of mollusk-eating 
animals. ’ In more highly specialized flukes, however, the cercariae 
leave the mollusk to encyst on vegetation if the host is a vegetarian, 
in fishes or other animals if it is carnivorous, or, in the case of the 
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schistosomes, to take an active instead of a passive attitude and burrow 
directly into their final hosts. 

A somewhat similar course has been followed by tapeworms, which 
were probably originally parasites of Crustacea, then became parasites 
of Crustacea-eaters, and eventually parasites of eaters of Crustacea- 
eaters. The tapeworms, however, seem a little less hidebound by 
tradition, for some have substituted insects or even mammals for the 
ancestral Crustacea, and a very few (e.g., Hymenolepis nana) have 
done away with the need for intermediate hosts altogether. 

Not all intermediate hosts can be regarded as heritages from the 
remote past; some are quite clearly secondarily acquired conveniences 
in the life cycle to facilitate access to a new host. This is true of the 
mollusk and earthworm hosts of lungworms (see p. 446) and almost 
certainly of the insect hosts of spiruroid and filarial worms. But as 
Rothschild and Clay remark in their delightful book Fleas, Flukes and 
Cuckoos, by whatever paths they have evolved, the life cycles of para¬ 
sitic worms are today sufficiently complicated and extraordinary to 
satisfy the imagination of Salvador Dali himself. As they say: “When 
the flatworms gave up their freedom they certainly began an odyssey 
compared with which the voyages of Ulysses seem singularly unevent¬ 
ful and commonplace.” 


Host relations. The effects produced by parasitic worms depend 
in part on the organs or tissues occupied, in part on the habits of the 
worms, and in part on the poisonous qualities of their secretions or 
excretions, in part on the numbers of worms harbored, and to a very 
large degree on acquisition of immunity. 

Worm infections differ radically from bacterial or protozoan infec- 
l ons in that, in most cases, the worms do not multiply in the body of 
ll.c host, and thus the infections are quantitative in nature. The bite 
of a single lightly infected mosquito may produce as severe a case of 
malaria as numerous bites by heavily infected mosquitoes, but the 
acquisition of a few hookworms, liver flukes, or filariae produces in a 
given individual a very different effect from the oft-repeated acquisi- 
t.on of large numbers of these worms. The term "infestation” instead 
ot infection is tre qucntly used to distinguish nonmultiplying invaders 
from multiplying ones. 


' ‘" J " cos e ' en Sl "«1c worms may cause a serious dis¬ 

turbance. Thus a single Dibothrioccphalus lotus may cause severe 
anemia; a single gnathosto.ne may cause a fatal perforation of the 
stomach wall; a single Mens may block the bile or pancreatic duct; 
and a single guinea worm creeping under the skin may lead to an 
infection causing loss of a limb. In the majority of cases, how- 
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ever, the pathogenicity of worms is proportional to the number 
present. 

Some investigators tend to minimize the damage done by helminths, 
especially intestinal ones, whereas others undoubtedly overestimate it. 
Improved facilities for discovering infection have demonstrated the 
presence of intestinal parasites in so many unsuspected cases that we 
are likely to incriminate them in nearly every morbid condition for 
which we cannot, with equal readiness, discover another cause. Dif¬ 
ferences in the effects of worm infestations are due in part to the vari¬ 
able susceptibility of different races and individuals; in part to pres¬ 
ence or absence, and degree, of malnutrition or other debilitating 
influences; in part to number of worms harbored and rate at which the 
worm burden is increased; and in part to acquired immunity. If the 
rate of acquisition of worms is slow enough in a well-nourished in¬ 
dividual, immunity can develop before serious damage has been done 

(see p. 26). ........ 

Effects of parasitism. The principal ways in which helminths 

harm their hosts are by mechanical damage, devouring of tissues or 
loss of blood, and by toxic effects. Some large worms, such as the 
larger tapeworms, may rob the host of enough food, especially pro- 
teins or vitamins, to cause malnutrition or mild vitamin deficiencies in 
hosts that are on a subopti.m.m intake, especially in the case of young 
growing individuals. This is especially striking in infestations with 
Dibotliriocephalus; this worm lias a special affinity for vitamin B I2 , and 
as a result precipitates pernicious anemia in persons who are on the 
borderline of it (see p. 351). 

The mechanical injuries are almost as numerous as the kinds o 
worms Some, such as the hookworms, bite the intestinal wall and 
cause hemorrhages, which arc intensified by a secretion which prevents 
the blood from coagulating; some, such as the lung flukes and guinea 
worms, cause tissue damage and inflammation by burrowing; some, 
such as schistosomes and numerous Spirurata (Gmlhostoma, Gon- 
« ylonema. Onchocerca, Spirocerca, etc.), cause the formation of 
tumors and in some cases-eitlier by irritation or toxic action-of true 
cancerous growth; some, such as Ascaris, may block ducts or even 
cause intestinal obstruction; some, such as gnathostomes and occa¬ 
sionally Ascaris, may cause perforation of the walls of the digestive 
tract and consequent peritonitis; some, such as the liver flukes may 
choke up the bile passages of the liver; some, such as Bancroft s filar.a, 
may interfere with the normal flow of lymph and divert it into abnor¬ 
mal channels; some, such as hydatid cysts, may interfere with the 
proper functioning of neighboring organs by pressure; some, such as 
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the schistosomes, may produce profound irritation of the tissues by 
extruding their eggs into them; and some, such as hookworms and 
spiny-headed worms, open up portals of entry for bacteria. We have 
awakened to the importance of a “whole skin” and the danger which 
accompanies the piercing of it by the unclean proboscides of biting 
insects. We have not yet fully awakened to the importance of an 
uninjured mucous membrane. As has been pointed out by Shipley, 
the intestinal worms play a part within our bodies similar to that 
played by bloodsucking arthropods on our skins, except that they are 
more dangerous since, after all, only a relatively small number of bit¬ 
ing insects have their proboscides soiled by organisms pathogenic to 
man, whereas the intestinal worms are constantly accompanied by bac¬ 
teria that are capable of becoming pathogenic if they gain access to 
the deeper tissues. Weinberg found that, whereas he was unable to 
infect unparasitized apes with typhoid bacilli, apes infested with tape¬ 
worms or whipworms readily contracted typhoid fever, the bacteria 
presumably gaining entrance through wounds in the mucous mem¬ 
brane made by the worms. 

Some effects of worms which were once ascribed to toxic products 
liberated into the tissues are now known to be caused in other ways, 
c.g., the primary anemia in hookworm infections, and the pernicious 
anemia in Dibothriocepfialus infections. Probably all worms that live 
in the blood or tissues, however, sensitize the body to their secretions 
or excretions, or to their body substance, and this causes allergic reac¬ 
tions l hc-sc are largely responsible for the symptoms in infestations 

b such adult worms as the filarias, schistosomes, and guinea worms, 
wi h the migialing larvae of such worms as Trichinella, Strongyhides, 
bookworms, and Ascaris, and even with such adult worms in the intes- 
bno as s\$car >«• and En*erobiu$. 

rx i nar.i.trii.slic feature of an allergic reaction is an increase in the 
numnor m * osn >nhile>. These arc white blood corpuscles containing 
giamdcs that *» .m ud with cosin. Such an increase in eosinophiles 
{". lll ‘ / 11 of the most characteristic features of 

heimimme :;\u non. p.ircu ularly during the period when the helminths 
ixrv deyelopinj >r i King in the body. From a normal of 1 or 2% 
of “ ie •' * ophiles may rise to 5‘ . or more, sometimes 

to 757*. m Min r t;< ns with Trichinella , schistosomes. Echinococcus 
cysts, etc. There is evidence that ACTH or cortisone may alleviate 
severe allergic reactions sufficiently to be a life saver in severe Trichi- 
netlo infections. 

Diagnosis. 1 he diagnosis of infection with various species of 
worms depends principally on the identification of their eggs or larvae 
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as found in the feces or other excretions by microscopic examination. 
Nearly every species of parasite has recognizably distinct characteris¬ 
tics of the eggs, the chief variations being in size, shape, color, thick¬ 
ness of shell, stage in development, appearance of the embryo if pres¬ 
ent, and presence or absence of an operculum or lid. 

In many instances whole groups of worms have egg characteristics in 
common; for example, the eggs of flukes, except schistosomes, have an 
operculum at one end; those of schistomes have spines; those of most 
tapeworms of warm-blooded animals have no operculum and contain 
a fully developed six-hooked embryo. Those of Dibotlirioccphalus, 
however, and most of the tapeworms of cold-blooded animals, have 
undeveloped operculated eggs like those of flukes; eggs of the tape¬ 
worm family Taeniulae are characterized by thick inner shells (em- 
bryophores) which have a striated appearance in optical section; eggs 
of ascarids are thick shelled, bile stained, and with surface markings; 
those of whipworms and their allies are brown with an opercular plug 
at each end those of oxyurids are colorless and flattened on one side; 
and those of the hookworms and all their allies of the suborder 
Strongylata have thin-shelled, unstained eggs without either opercula 
or surface markings. Some eggs of the commoner worms are shown 

in a comparative way in Fig. 55. 

Most worm infections of the digestive system can be diagnosed by 
finding eggs or larvae in the feces, but this cannot be relied on in some- 
kinds of infections. Tapeworms, other than Dibothriocephalus and its 
allies, have no natural exit for the eggs from the segments, but in most 
species the eggs are easily released from ruptures of the uterus at the 
ends of the detached ripe segments. H.jmcnolcpis eggs are probably 
always released inside the body and become mixed with the feces. 
Taenia saginata eggs are more frequently found on the skin near the 
anus, since the detached segments often squirm out of the rectum. 
However, infections with the larger tapeworms are best discovered by 
examining the surface of freshly passed stools for the segments, which 
squirm actively like flukes (for which they are sometimes mistaken). 
Pinworms ( Enterobius ) do not ordinarily deposit the eggs in the feces 
at all- the females crawl out of the anus and deposit the eggs on the 
perianal skin, where they can be picked up by special devices de¬ 
scribed on p. 462. Trichinella, since its embryos do not normally leave 
the body at all cannot often be diagnosed by fecal examination, 
though sometimes some of the adult worms can be expelled by violent 
purges or anthelmintics. For this and some other helminthic dis¬ 
eases—filar iasis, infestations with larval tapeworms, and schistoso¬ 
miasis—skin tests or other immunological tests must often be resorted 





M - Ebks of Parasitic worms, drawn to scale ( x250). Flukes: A, Schis¬ 
tosoma harm niobium, I,. Schistosoma mansoni: C. Schistosoma japonicum; D, 
lamgommms waterman,"; E, Fasciolopsis buski; F, Castrodiscoides hominis; 
G. DtcrococUuni dendriticum; II, do,.orchis sinensis; 1, Opisthorchis fclincus; 

He croplives hclcrophyes; K. Uclagonimus yokogawai. Tapeworms: L, Di- 
bothriocepholus Iotas. ,\l, Spironurtra mamonoidcs; .V. Hymenolcpis dlminula; 

cnrir' J "' U n ‘n- F T '"'“ a Sp ' ° r f;r, "'" ucocr,,s - o. RaiUletina madagas- 

ZZT ' Nematodes: S. Dioctophyma senate; T, Con- 

\V w Tv'“ m {r0<d “ (surfaec view ): V. Same, optical section; 

LlZoZuM X - N,e, "° r ° WrtCan “-- Y > Trichostrongylus sp.; Z. En- 
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to; these will be discussed in connection with the diseases con¬ 
cerned. 

Intestinal worm infestations can usually be diagnosed by finding 
eggs or larvae, though the number present may vary considerably from 
day to day. In heavy infestations microscopic examination of a simple 
smear in water, thin enough to read newspaper print through, is 
sufficient, but many light infestations escape detection by this method 
and concentration methods are necessary. 

Flotation methods in heavy salt or sugar solutions are valuable for 
eggs of most kinds of nematodes and some tapeworms but fail to float 
the eggs of schistosomes, the operculatcd eggs of flukes or Dibotliri- 
ocephalus, the porous eggs of tapeworms of the family Taeniidae, the 
eggs of Acanthocephala, or the unfertilized eggs of Ascaris. 

One of the best techniques for demonstration of these eggs, particu¬ 
larly those of intestinal schistosomes, is a modification of the old Tele¬ 
mann acid-ether technique, known as the AMS III method (Hunter 
et al., 1948), performed as follows: 


1. Comminute 2 grams of stool with 5 cc. of an equal mixture of HCI < 40 
cc. concentrated HCI in 60 cc. of water) and sodium sulfate (sp. gr. 1.08). 

2. Strain through gauze moistened with this mixture, pour into a 15 cc. 
centrifuge tube, and wash two or three times by centrifuging for about 1 
minute at 2000 r.p.m., decanting the supernatant fluid each time and mixing 

the sediment with fresh mixture. , .v 

3. Add 5 cc. of fresh mixture plus 3 drops of Triton NE (a detergent 
plus 5 cc. refrigerated ether, shake for 30 seconds, and centrifuge for 1 

"T Remove tube, loosen ring of debris at interface of ether and HCI- 
Na.,SO. mixture with applicator stick, and decant. 

5. Swab tube down to the sediment with cotton swab. 

6. Add physiologic saline to the 0.4 cc. mark, mix sediment, pipette onto 
1 or 2 slides, apply cover glass, and examine. 


Another modification of the Telemann technique, which is good 
for protozoan cysts as well as eggs, consists of comminution of the 
stool in saline followed by straining and washing as above, addition 
of 10 per cent formalin to the sediment, then addition of ether after 5 
minutes, followed by steps 4 to 6 above (Ritchie. 1948 b 
For flotation saturated NaCl (sp. gr. 1.200), or ZnS0 4 (sp. gr. 
1 180) which also brings up protozoan cysts, is most frequently used, 
though a sugar solution is preferred by some. The simplest flotation 
method is that of Willis (1921). in which a 1-oz. or 2-oz tin container 
for collecting fecal samples is left one-sixth to one-tenth full of feces, 
and is then stirred gradually with salt solution until brimful. A 2 by 
3 in glass slide is then placed over it in contact with the fluid; in 10 
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minutes the slide is carefully lifted by a straight upward pull, inverted, 
and examined. 


Lane (1928) devised a method of direct centrifugal flotation (DCF). 
About 1 cc. of stool is thoroughly mixed with water in a centrifuge 
tube with a ground top, centrifuged, and the supernatant poured off. 
The residue is then mixed with saturated NaCl or ZnS0 4 (sp. gr. 
1.180), the tube filled to the top, covered with a No. 2 cover glass, 
and placed in centrifuge buckets provided with four projecting horns 
to prevent the cover glass from sliding off during the centrifuging. 
After centrifuging for 1 minute at 1000 rpm, the cover is removed and 
the adhering fluid examined as a hanging drop or by dropping the 
cover on a slide. The special apparatus is unnecessary if the last few 
drops of solution to fill the tube are added after centrifuging, and the 
surface film is removed by touching a cover to it or by means of a 
4-mm. bacteriological loop. The DCF method demonstrates a high 
percentage of the eggs present, and in a small area. 

Egg counts. About 1920 Darling called attention to the impor¬ 
tance of quantitative diagnosis of worm infections. Stoll in 1923 
devised a satisfactory method of estimating eggs per gram of feces by 
diluting a measured quantity of feces in a measured volume of 0.1 N 
NaOIi, counting the eggs in a measured fraetion, and multiplying by 
the proper factor. Stoll and liausliccr in 1926 recommended the use 
of a special narrow-necked flask filled to a 56-cc. mark with 0.1 iV 


NaOH. and then 'o a 60-cc. mark with feces, thus diluting 4 cc. fifteen 
times. After thorough shaking, the eggs in a 0.075-cc. drop of this 
are counted under a 25-mm. square cover glass. The eggs counted, 
midtiplied by 200. represent the eggs per gram. The method will not 
do for very light infections and is unreliable in individual counts, but 
when averaged, even for mall groups, is useful in estimating the worm 
burdei of munity and in determining the relative number of 

light, medium, .md heavy infections. Adjustments should usually be 
n,,< ( bn# results »f the examinations to a uniform basis of 
l( ri ,h ; sir,ok Egg counts in mushy’* stools are multiplied by two, 
and 1 sUwls b > four. Beaver (1919) devised a method by 

i adjustments for density of stools are made with the help of a 
hght meter (photoelectric cell). 


Treatment. 1 reatment of the various worm infections is considered 
tinder the head of the different kinds of worms, but a few general 
principles should be noted here. 


Drugs which are used for expelling worms are known as anthelmin- 
,CS * An ,deal an tlH.’bniiitic one which effectively kills or expels the 
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particular worms for which it is used, is not injurious to the host in 
the dose required, is easily administered, and is cheap. 

There is little probability that any anthelmintic will be found that 
is effective against all kinds of worms, even all intestinal ones. Al¬ 
though nematodes and trematodes, which have digestive tracts, 
respond to many of the same drugs, tapeworms are affected very little 
by most of these drugs, but respond to entirely different ones winch 
have little effect on the other worms. Even among intestinal nema¬ 
todes susceptibility to drugs varies greatly. Hookworms are easily 
killed by tetrachlorethylene. but Nccator more readily than Anajlo- 
stoma, and Ascaris is merely annoyed by it; the reverse holds true to 
a considerable degree for oil of chenopodium. Phenothiazme is highly 
effective against Haemonclws and moderately so against species of 
Trichostrongylus, but is without significant effect against Ncmatodirus, 
yet all of these belong to the same family. Tr.chostrongylidae. Ditlu- 
azanine comes closest to being a broad spectrum human anthelmintic, 
acting against hookworms. Means. Trichuris, Enterobms, and Sfrongy- 

,0 Lfftle is known about the mechanisms by which most anthelmintics 
exert their effects. Some, e.g., Beta and papain, which are proteolytic 
enzymes in fresh fig latex ami papaya, respectively, digest the issues 
of nematodes. Many anthelmintics probably act. as do other chemo¬ 
therapeutic drugs, by interfering with enzyme systems, e.g., the anti¬ 
mony drugs used against schistosomes, but for the most part the mode 
of action is unknown. Some drugs exert their effects slowly, and maj 
have sterilizing effects by gradually destroying the reproduc ivc organs, 
particularly the ovary, e.g.. antimony compounds used ^an s sc o- 
somes and arsenic compounds against hlariae Some antifilarial 
quickly kill the microfilariae (embryos) and only slowly affect the 
adult worms; others have the opposite effects. D.th.azan.ne may act 
by inhibiting oxidative energy metabolism. It is a cyanine com- 

V j i.. . „( dniirs which Bueding showed to inhibit the respira- 
ES certain helminths'^'It is quite possible that some of the drugs 
used against intestinal worms might have similar effects in preventing 
reproduction by slowly destroying the sex organs if used in small doses 
reproduce > anthelmintics against intestinal worms are 

worthless i, they os. no. — 

lethal. 
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THE TREMATODES OR FLUKES 
I. GENERAL ACCOUNT 


The trematodes arc animals of a very low order of development in 
some respects and of very high specialization in others; all of them are 
parasitic. There are two principal groups: the monogenetic flukes 
with no asexual generations, which are primarily external or semi- 
external parasites of aquatic animals; and the digenetic flukes with two 
or more asexual generations and an alternation of hosts, which are 
internal parasites of all kinds of vertebrates. Since only the digenetic 
flukes are of interest as parasites of man and domestic animals, the 
following account refers to this group except when otherwise specified. 

In shape the flukes are usually flat and often leaflike, with the mouth 
at the bottom of a muscular sucker, usually at the anterior end; in most 
groups there is a second sucker, for adhesion, on the ventral surface. 
The monogenetic flukes have highly specialized compound suckers at 
the posterior end, usually supplemented with hooks. The thin cuticle 
of trcmatodes, often spiny, is apparently secreted by mesodermal cells, 
since the true ectoderm is lost during development of the cercariae. 
Under the cuticle .ire layers of circular, longitudinal and diagonal 
muscles, and inside cl this the loose mesh of the parenchyma. 

The development of the nervous system is of low grade; a small 
ganglion at the forward end of the body gives off a few longitudinal 
nerves. Sense organs are almost lacking. There is no blood or blood 
system, the result being that the digestive tract and excretory system 
are branched, often to a surprising extent, in order to carry food to all 
parts of the body and to cam waste products out from all parts. The 
digestive system (Fig. 56) usually has a muscular pharynx near the 
mouth, and then blanches into t\\o blind pouches, the intestinal ceca. 
In some of the larger flukes, e.g.. Fasciola liepatica , these ceca have 
numerous branches ami suhhranches. whereas in the schistosomes the 
ceca reunite posteriorly to form a single stem. Only in a few aberrant 
species do the ceca open posteriorly. 
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The excretory system consists of a complicated arrangement of 
branched tubules. At the ends of ultimate fine branches are flame 
cells which keep up a flow of fluid towards the excretory pore. The 
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n . lkc jllmlratc principal morphological characteristics. 
Fig. 56. Diagrammatic lluw s c ;> cirrils pouch; «f., esophagus; ex.b.. 

Abbreviations: c., cecum; <,r ** * ' excretory pore; genital pore; 

excretory bladder; exd., , 1|k1; „. r ., nerve ring; oral sucker; oi>., 

L.C., Laurcrs canal; prepharynx; prostate 

ovary; ovtd., oviduct. ;» •. 1 xrs icl,. ; te>tis; i it., uterus; v.d., vas defer, 

s.r., seminal receptacle; sx ductj’ci/.g.. vitelline glands; vit.r., vitelline 

ens; v.e., vas cffereiis; vit a.. 
reservoir; v.s., ventral sucker. 


„ , , , Jn « definite manner, varying in different groups, 

finer branches nn c m d h ^ ^ by an . 

In the monogenetic fluk digene tic flnkes the main collecting 

terior pores (rig. oo/ t 
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Fig. 57. Excretory system of digcnctic flukes. A, excretory system of Hetcro- 
j>ht/cs heterojihycs. Note Y-shaped bladder, and division of main collecting ves¬ 
sels in mid-region of body ("Mesostoinate,” in contrast to stenostomate condi¬ 
tion in which main vessels extend far forward and then turn backward), and two 
groups ol three flame cells each on both anterior and posterior branches, giving 
a flame-cell formula of 2 1(3 + 3) + (3 + 3)]. «. development of n schisto¬ 
some cercaria, showing formation of primitive, thin-walled excretory bladder by 
1 1 n * two pi ij Is (characteristic <*f Anepitheliocystida; see p. 273), 
and primary excretory pores on sides or ends of tail, which is formed partly by 
molding of body and partly by growth of tissues so molded. C, development 
of stylet ccrcari i, bowing thick-walled epithelial bladder replacing primitive 
bladder (char.:c» *i * 1 tl lioo itida; see i« 274), and absence of excretory 

system in tail, which is formed entirely bv backward growth of tissue lying 
between prim ir> excretory pores. (A, after Looss from Stunkard, J. Parasitol., 
1929; D and C i dap ted from unpublished sketches by LaRue.) 


tubules on each side open into a posteriorly situated bladder which 
in tun; opens to the exterior by a single pore (Fig. 57). In digenetic 
flukes die type of branching of die excretory system is of value in 
classification but is difficult to determine in the adults; group differ¬ 
ences are more readily determined in the living cercariae, and are even 
present in the ciliated embryos or miracidia. The flame cell arrange- 
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ment is commonly expressed in a formula; the arrangement in Fig. 57A 
is 2[(3 + 3) + (3 + 3)), indicating that on each side there are two 
groups, of three flame cells each, on the anterior main branch of the 
excretory tubule, and two groups, of three each, on the posterior main 
branch. The excretory bladder in some flukes is formed by fusion 
of the two lateral tubules in a developing cercaria and expansion into 
a bulb (Fig. 57 B), and in others from a mass of cells (Fig. 57C). 

Some flukes, especially the amphistomes (see p. 315), have a lym¬ 
phatic system of much-branched, delicate tubules in the parenchyma; 
this seems to function as a primitive circulatory system. 

Few animals have more intricate and highly specialized reproductive 
systems, and their life histories are so marvelously complex as to tax 
our credulity. Many flukes, especially those living as internal para¬ 
sites in land animals, pass through four and sometimes even five ths- 
tinct phases of existence, during some of which they are free-hving, 
and during others may parasitize successively two. three, or even four 

*TS flukes except those of the family Schistosoma.idae and one 
other family, both male and female reproductive systems occur in 
the same individual and occupy a large portion of the body of 

a fl female system there are separate glands for the production 

r i *h« vnlk and shell material, and the fluid in which 

of the ova proper, the yolk ^ ^ organs are 

"*r » as 1= 

one .s present, * \■_» Vj close to where these various 

“ ‘here - = 

fZeriy though, to be a shell gland^it i^now known that the shell 

material comes from gram*“ 1 , he production of finished eggs; 
The ootype is an ^ at 25,000! The yolk and 

in some flukc * ** ided by clusters of little vitelline glands usually 
shell material arc P J but occasionally posteriorly or 

situated in the la.en ^ ^ are ^ by ducts to one 

anteriorly. These c ^ ^ these right and left ducts come 

main transverse n duct shortly before entering the ootype, 

together to ori ^ rcse rvoir at their junction. Sometimes 

£ r* i ”“ d ,i,e s ‘* , “ ,re 
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in the region of the ootype or lower part of the uterus. Laurer s canal, 
sometimes connected with the seminal receptacle or its duct instead 
of directly to the oviduct, is believed to be a vestigial vagina, but in 
many species it fails to reach the dorsal surface; like the human appen¬ 
dix, it is a useless heirloom. In most flukes it is probable that the 
sperms make their way down through the uterus before this becomes 
jammed with eggs. 

When the eggs are fertilized, supplied with yolk cells to provide 
nourishment, and surounded by shell material which gradually hardens 
and darkens, they enter the uterus. This, usually much coiled and 
convoluted, leads to the genital pore, where it opens in common with 
the male reproductive system. The terminal part of the uterus is often 
provided with special muscular walls and is called the mctraterm. 

The male system consists of two or more testes for the production 
of the sperms; two sperm ducts which meet to form a vas deferens, 
usually with an enlargement, the seminal vesicle , for the storage of 
sperms; a cluster of prostate glands; and a retractile muscular organ 
or cirrus which serves as a copulatory organ. The seminal vesicle, 
prostate glands, and cirrus are usually enclosed in a cirrus sac. All 
these complex sex organs in a single animal which may be much 
smaller than the head of a pin! 

Important variations that arc of taxonomic value occur in (1) the 
absolute and relative positions of the ovary and testes; (2) the position 
of the uterus; ( 3) the position and arrangement of yolk glands; (4) the 
presence or absence of a seminal receptacle; (5) the position of the 
genital pore; (6) the presence or absence of a cirrus sac and the nature 
of the cirrus; and (7) the presence of a seminal vesicle inside or out- 
ide the cirrus sac. The Schistosomatidae, as already noted, are pecul¬ 
iar in having the male and female systems in separate individuals. 
The Monogenea dilfer in their internal structure mainly in (1) hav- 
the excretory :>ystem of the right and left side separate, opening by 
tv o anteriorly situated pores; (2) the testes more variable in number; 
-V/ the presence of a canal connecting the oviduct with the right 
» i ter tin a! c.evurn in some; and (4) single or paired vaginas or copula¬ 
tion canals ip. the majority (Fig. 58). 

Lite cycle. '! he more primitive monogenetic flukes, belonging to 
the orders Mor.ogrnca and Aspidobothrea, have a direct development 
involving a simple metamorphosis but no interpolated nonsexual gen¬ 
erations. 'I he Mono 'enc a are parasitic externally or in the excretory 
bladder or on the' gills of aquatic vertebrates, whereas the Aspido¬ 
bothrea are parasitic on or in the soft parts of mollusks or in the 
intestines of aquatic vertebrates. Some Aspidobothrea develop to 
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maturity in a single molluscan host, whereas others have achieved an 
alternation of hosts without an alternation of generations Flukes of 
the order Digenea, on the other hand, have very complicated life cycles 
involving several nonsexual generations which, except in two species, 



x. A PolmlomoUli'tta oMong.rm < Polystomatidac) (alter 

FI9. 58. Monogene.. V Po J Mul/ ,,,47 /)-//, various types ot 

Cable, Illustrated Lab. .. J > authors); C, Acantliocotylidae; 

haptors of Monogcnea ( hW' _ p M|croco|yIfcUe . C . Capsalidae; II. Pis- 

D, Monocotyl.dac; fc. M'‘™ cinm IX)uc h ; ml., esophageal glands; ex.p., 

cocotylidac. Abbrcvrations. o-intestinal canal; haptor; ml.. 

excretory pore; ^ IK ,iyp«.; o.s.. oral sucker; ot., ovary; 

intestine; l.b.h.. I# >“P • ducli small haptorial books; I., testis; 

pharynx; J.. sutker, P vitcllovaginal canal, 
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as far as known at present (see p. 247), always develop in snails or 

bivalve mollusks. duce often by tcns of thou- 

mibacidia. igem ' host - s body with the feces, urine, or 

sands, which escape of , he adults . Ei ,her before or after 

sputum, according to h c | embryos develop within 

the eggs have ‘ " or jn the in testines of mollusks which 

rerve as Intermediate hosts. The embryos, called miracidia, are free- 
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Fig. 59 . Str.-ja in life cycle of a fluk. . .A, mimeidium showing internal organs, 
x ' 1 cells; «.| pi il papilla; l>r.. brain; c.p.. cephalic gland; 

“ •' ’ • • *POt; €X excretory pore; ex.t., excretory 

* ubule ’/ ’ - • germ llx />£.. primitive gut. B, sporocyst; /.c.», 

;la..,e d-ll oi . .r.-. flame- tell of redia; g.c., germ cells; r., developing 

developing cercaria; c<>/., collar; g., gut; 

' . germinal mass. D, ccrcaria; c., cecum; 
excretory I < ' , (i ex retor> duct; g*. t genital anlngc; o.s., oral 
sucker; p/i., I a.uynx; c.s., ventral sucker. E, encysted mctaccrcaria. 


swimming animals suggestive of ciliated protozoans. They are cov¬ 
ered by a ciliated epithelium of relatively few large flat cells (Fig. 
59. \ ) and have a short saclike gut, one or more pairs of penetration 
glands, one or more pairs o! (lame cells and excretory tubules, and a 
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cluster of germ cells which are destined to give rise to a new generation 
of organisms (Fig. 59A). Many miracidia have eye spots, but some 
are blind. The miracidia do not feed, and they die in -4 hours or less 
if unsuccessful in finding a proper molluscan host 

Free miracidia swim in a characteristic spirally rotating manner, 
in quest of a mollusk of the particular species which is to serve as an 
intermediate host. When they come very close to such a mollusk hey 
become greatly excited and make a headlong dash for . , a though they 
ignore other kinds of mollusks. They attach themselves to the soft 
part of the mollusk by the secretion of their glands and proceed to 
bore or digest their way into the tissues. Some miracidia, e.g those of 
Clonorchis and Dicrococlium, hatch only after the eggs have been 
eaten by the proper snails. It is obvious that only a very smaU per¬ 
centage of the embryos are likely to survive the double risk of not 
reaching water and. if safely in water, of not reaelung a suitable 

mollusk in ‘o devdop. ^ ^ ^ of , he molluscan 

and changes in form to bcccm mother sporocyst (Fig. 59B). 
mentous or branched body ^ insidc of which are the 

This sporoeyst is essentiaH a ^d . _ a ^ , inc from the original 
germ cells, which have de* developed. The germ cells may 

ovum from which the t^.us J to^ to form 
continue to m u lt, P|y as smg I ^ dj|Icrentiate dircctly into a 

germinal masses^ Tk « ^ , ndoS ed germ cells, or may bud 

new generation of germina considerable period of time, 

these off from their sur aces ^ -phis new generation may be 

DAUCHTE1. spoboctsts ^ tl.cn called daughter sporocysts. 

simple sacs hke the mjhe^ ^ ^ and rudimentary append- 
or they may have an c) These emerge f rom a 

ages and are then ca led rediaej Fg y make , hcir way to the 

birth pore tn the moth 1 ^ ^ enclosed germ ce n s , with 

digestive » ™ individual ^ again {onn gcrin masses 

or without multiplication eration „f organisms, or shed 

tSfiZlZZZZ “ S— - - -*•— 

or 0.00 . d,i,d gooor.doo o« rod.oo belor. 
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cercariae are produced. In schistosomes and strigeids the mother 
sporocysts may still be producing daughter sporocysts long after the 
latter have started producing cercariae; the only limitation to the poly- 
embryonic capacity of the mother sporocysts seems to be the food and 
space available in the digestive gland of the snail host, and the 
daughter sporocysts appear to be able to produce cercariae as long 
as the snail lives. Thus these reproductive machines may produce up 
to a million cercariae from a single original egg. There is one record 
of a snail that gave off cercariae for 7 years at the rate of over 1,000,000 
a year. In some flukes, on the other hand, e.g., Paragonimus , a mira- 
cidum may end up producing only a few hundred cercariae. 

cercariae. The cercariae (Fig. 59 D) are not germ sacs in which 
the germ cells multiply and produce new embryos, as are sporocysts 
and rcdia. These are true larval forms which undergo no further 
reproduction in the mollusk, but must by some route, sometimes 
amazingly devious, reach the final vertebrate host, where they will 
grow to maturity and reproduce by the more orthodox sexual method. 

The cercariae are odd mixtures of features characteristic of the 
adult flukes into which they will grow, and of special adaptive char¬ 
acters which enable at least a few of them to succeed in the often 
hazardous transfer from the mollusk where they were bom to the 
vertebrate where they will mature. Usuallv features connected with 
the digestive tract, excretory system, and suckers, and a few special 
features such as the circlet of head spines in eehinostomes, are 
prophetic of what type of fluke the cercaria will eventually develop 
into but othei features are purely adaptive, e.g., the stylet, the tail, 
the fins, the penetration and or evstogenous glands, and other features 
which are sometimes very bizarre. Often certain of these features, 
together with the few adult characters that may be present, make it 
possible to predict what the adult of a newly discovered cercaria will 
be. However, sometimes adult characters that woidd be expected 
ue al>s -nJ e.g., a ventral sucker, or a ventral sucker may be present 
when absent in the adult. 

-he cercciia' features often give better clues to relationships and 
correct classical. , u thar. do the adult flukes. Although nobody would 
have dreamed of including such widely different adult flukes as 
schistosomes, strige'ds, ( linostomum. and gasterostomes (and some 
others) in one suborder, the strikingly similar features of their 
•ei acidia and cercariae (ah forked-tailed) make such a grouping 
unavoidable. Another feature which seems to have been evolved by 
nature only once is the st>Iet. a little spine near the oral sucker to 
helo in the penetration of arthropod hosts, so all stylet cercaria belong 
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A furcocc icons ( Schistosoma faponicum); 
Fig. 60 . Some types of ertw""- ; ’ , iR . (C . ur hancnsis); D, cclnnostome 
B, amphistome (C.lnhabihs), - , opIlotcrc01lN (Oimthorchis fclincus); I . 

(Echinostuma revolution ); t.. 1 jv colored sporocysts of Leuco- 

stylct, microcercous {Para ^'!"''* oul fro... tentacles of land snail; //. 
chloridium parodoxum, xsl»»«l u » .l ori dium mlgranum, enclosed in jelly-like 

cercaria from a sporocyst o - , . |1C ) (C. macroccrca); J. cystopliorous 

cyst capsule; /. cystocercous ( ^ v#f|o|ls app0 nda«cs evaluated from 

(hemiurid), showing c fc^'' . - 5 ! ccrc ariac (C. gorgonocephala). (Adapted 
tail cyst; K, cluster of rattenkon.g 

from various authors.) 

, . nn . h( . ostracized. Figure 60 gives some idea of 
should nevertheless ^ (o what a cercaria may look like, 

natures uninhibited k ae ,, avc tai i S ; they may be long or 

All but a few kind* ^ wit||0ut a stcm) , a „d with or without 
short, single or forked < ' fcaturcs; j„ some the cercaria's body can 

fins, bulbs, or other P«*>*^ ^ rf „, c tail , or , he tail may form a 

cyst V from*whidi'peculiar appendages protrude. A few ccrcariac tha, 
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develop in land snails and could not use tails if they had them, have 
secondarily lost them—such a cercaria is called a cercariaeum. 

Cercariae usually have one or both of two kinds of glands. Penetra¬ 
tion glands are conspicuous features in most, and very useful in 
identification; they are histolytic and are used for escaping from the 
snail’s tissues, and subsequently for penetrating into intermediate 
hosts or, in the case of the schistosomes, the final hosts. Many species 
also have cystogenous glands, the product of which is used in 
forming cyst walls. These glands are particularly conspicuous in 
such flukes as Fasciola, Fasciolopsis, and amphistomes, which encyst 
on inanimate objects in the water and form thick protective cysts. 
Most cercariae do not lead a free existence in water for more than a 


few days at most. 

metacercariae. All flukes except the schistosomes and their near 
relatives undergo some further development before finally growing 
into adults. On penetrating a host or preparing to encyst, a cercaria 
nonchalantly flips off its tail, exudes the contents of its glands, and 
proceeds to become a metacercaria (Fig. 59E). In most flukes this 
metacercarial stage takes place during enevstment on vegetation or 
in an intermediate host, but in some flukes, e.g., some that develop in 
the humors or lens of the eyes of fishes, they become metacercariae 
without encysting. In intermediate hosts the cercarial cyst is usually 
very delicate and transparent, but the host lays down a fibrous or 
glassy outer cyst, often conspicuous with pigment granules, which 
becomes thicker with age. 

!n some flukes the metacercariae are infective for the final host 
within a few hours, in others they require days or weeks. In one 
of strigeids ( Aktria) an additional stage, the mesocercaria, is 
. i-ci no ed between the cercaria and the metacercaria, so these flukes 
;i i i su cessivc hosts—snails, tadpoles, mice, and mink. 
:”vv«;si;:h to finai. host. The manner in which the cercariae 


complish the transfoi from 
ti-rclimit cercaiiae of schist< 


snail to final host varies greatly. The 
’semes activelv seek the final host and 



dir*'c I ty 


up. Th 



into it, but moat cercariae depend on the host to pick 
•• :implv't method of transfer is enevstment directly in 
nolhisk host or even in the mother redia, as happens 


>iuc echmostomes. Lcucochloridium has the cercariae encysted 
" rocys that grow out of the tentacles of snails 

1 resemble tempting worms for birds to peck at (Fig. 60G). In 
flukes like the 1*aseioiidae and amphistomes, which reach maturity in 
herbivorous Animals, the cercariae encyst on vegetation in the water 
and patiently wait to be eaten by the final host. In flukes which 
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mature in carnivorous or insectivorous hosts, the cercariae penetrate 
into the tissues of frogs, fish, insects. Crustacea etc., where>*hey encyst 
and await salvation by the second intermediate host being eaten_ b> 
the final one It is for this reason that many human fluke intections 
I! prevalent only in the Orient, where fish °r -bs are ea.n uuthout 
thorough cooking. Occasionally metacercanae P^genebc. re., 
they become sexually mature before reaching the final host 

The skin-penetrating cercariae. ^ blood stream, 

final destination in the mesenteric - th T j ir 

b„, encysted tnet.cendce 

cyst walls are digested away in • bodv in which they 

flukes migrate by various routes to the parts 

^Examination of mollusks for 

When mollusks are collected and brough > eerearfac 

amination for immature stages • grou ps #nd ]ater 

can readily be determined by placing*«"• J 12 l (0 24 hours . 
individually, in half-pmt bobi es and • |mmlng in ,he water or. 
The emerged cercariae willI then be ^ ^ , n ^ #pcdw a „ the 
in a few instances, cradling a ccrta j„ time of day. 

cercariae emerge almost smw ••"« < ‘ j aycrs of the water; 

Some are attracted to light wmt ^ ^ j iang motionless most of 
and some swim almost continue . * j f or a short season, 

the time. The cercariae of «onie flute appear^ ^ ^ 

whereas others continue to iimru crushing the mollusks or pick- 
Sporocysts and rediae out intact. In most 

ing away the shell until the ><> . ^ ^ (liges tive gland of the mollusk; 
cases they will be found m ^ wilh the na ked eye as yellowish 

their presence can often bt disscc ted out carefully. Cercariae 

mottlings. These must u ^ frequently immature and unlike 

obtained after crushing a mt $porocysts , and rediae should 

those escaping naturally. T h as possible, with the help of 

be studied in the living s •» 4 ‘ ( 1 : 1000 ) or nile blue sulfate, 

such intravitam strains as "eut materia l fixed and stained by 

Subsequent studies can be made o 

various standard tissue nu t *" s , jnvolved as intermediate hosts 
Molluscan hosts. T» >f snai i s an d bivalves, but only snails 
of flukes include many fan . . rcd j a generations of flukes 

are involved as hosts for the spo These include several families 

parasitic in man and domestic —J, J>“ ose tUeir sh e,.s by 

of fresh-water snails «>>. 1 1 ' Pro 8 sobranc hia). and both fresh-water 
means of an operculum (order 
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and land snails (order Pulmonata), which have a respiratory sac 
instead of gills and no operculum. 

In the Prosobranchia are included: (1) Hydrobiidae, small aquatic 
or more often amphibious conical snails containing Oncomelania ( Fig. 
67), hosts of Schistosoma japonicum , and Bulimus (Fig. 75), Para- 
fossarulus (Fig. 73), and Amnicola, hosts of the Opisthorchiidae. 
(2) Thiaridae (formerly Melaniidae), large, high-spired, rough-shelled 
aquatic snails, containing Thiara and Semisulcospira (Fig. 69), hosts 
of Paragonimus and Metagonimus; Hua, of Clonorchis; and Goniobasis, 
of Nanophyetus salmincola. (3) Potamididae, containing Pirenella, 
host of Hetcrophyes hcterophyes; and several marine snails that are 
hosts for bird schistosomes causing swimmer’s itch. 

In the Pulmonata are included in the fresh-water group (Basomma- 
tophora): (1) Planorbidae (Figs. 67, 84), flatly-coiled snails serving 
as hosts of Schistosoma mansoni , Fasciolopsis , and some amphistomes 
and echinostomes. (2) Lymnaeidae (Fig. 61), dextrally coiled snails 
serving as hosts of Fasciola, and the principal cercariae causing 
swimmer’s itch. (3) Bulinidae (see footnote, p. 287) (Fig. 67), 
sinistrally coiled snails serving as hosts of Schistosoma haematobium. 
In the terrestrial group, Stylommatophora, which have two pairs of 
head tentacles, are included the hosts of Dicrocoeliidae ( Helicella , 
Cion cl I a | Fig. 72], etc.). 

Classification. The classification of flukes has undergone a gradual 
evolution. In 1858 van Bencden divided the class Trematoda into 


those having direct development, the subclass Monogenea, and those 
* indirect development, involving two or more asexual genera¬ 
tion interposed in the life cycle, the subclass Digenea. This primary 
dit : «inn ‘•till stands, except that most authors separate the small 
l:*.a i • Aspidoynstiidae, parasitic in mollusks, fish, and turtles, into 
•jpara*? subclass Aspidobothrea. These resemble Monogenea in 
s ackir*r asexual generations although some have an alternation of 
but they resemble the Digenea in most of their anatomical 
< l v'rac» rs n.d i-, being endoparasites. In their suctorial apparatus 


!lC ^ \i *V I readily into two orders on the basis of the 

ting organs (see below). The Digenea 
; sent i greater problem. I*he earliest classification was, of neces- 
'•ty, based on c-imractcis o‘ the adults, at first mainly the number, 
' on and characters ot the suckers, from which arose such familiar 
names as polvst >me, iKvm.yome. distome. amphistome, and gastero- 
stome. 1 -at* i more attention was paid to internal organs, at first 
mainly the reproductive and digestive organs, later the excretory 
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Fig. 61. Life history 


liver fluke. Fasciola hepatic*. A. adult in liver of 
r vmm with developed embryo, ready to hatch in 


■ ... i .... (' <•111* with (levemnu — .. 

sheep; B, freshly passed R*. • * abou| pulmonary chamber of snail 

water; D, ciliated cm >r> ' staining daughter rcdiac; II. redia 

<E);F,sporocyst containing,. ccrcaria; I. same, having emerged 
of second generation cont g ^ <>n of pass; I., ccrcaria liberated 

from snail into water K. young fluke developing in liver of sheep, 

from cyst after ingestion h> simp. . 


, With the development of knowledge of the life cycles it 
system. N\ «th t pointe d out in 1938. that a taxonomic 

became apparent as ‘ (es ' rc|aUonshi p must be based on corn- 
system which rea s of the life cycle, and especially of 

parative anatomy of A\ £ ^ ^ ^ ,. fe cyde studics have 

the miracidia an revelations of previously unsuspected rela- 

brought -^^^'^ny unexpected skeletons in family closets 
tionships, in complete revision of the classifications accepted 
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“Amphistomata,” and “Gasterostomata” have entirely disappeared as 
major groups. Stunkard (1946), when far fewer life cycles were 
known than at present, although many unexpected relationships had 
already appeared, concluded that in the state of knowledge then 
existing the only groups above families in which one could pin any 
faith were the subclasses Monogenea and Digenea. Since then many 
new life cycles have been determined, particularly by Cable and 
his colleagues, and a classification based on true relationships is now 
emerging, although the proper allocation of some groups is still highly 
speculative. Characters of the miracidia and of the cercariae appear 



Fig. 62. A, Casterostome miracidium, and B, ccrcaria. (A adapted from 
Wood head; B from Liihc, Susmvasscrfauna Deutschlands, Trematoda.) 


in general to be much more significant than do adult characters. In 
the miracidia the presence of one or two pairs of flame cells, and 
the presence or absence and distribution of cilia arc important (Fig. 
62). In the cercariae it is necessary to distinguish between truly 
phylogenetic and adaptive ones. For example, a forked tail, the 
presence of a stylet, and the method of formation of the excretory 
bladder and of the tail appear to be reliable clues to common an- 
cesti.es, but the absence of a tail and occasionally loss of its forks, 
-c' possible loss of the stylet, are characters that must be reckoned 
Adult characters, pertaining particularly to such things as 
P c ‘ 11 reproductive glands and uterus, nature and distribution 
of vitellaria, presence or absence of a cirrus pouch, details of the 
.:rc;o; y system, division into fore- and hind-bodies, etc., are useful 
mainly as family or generic characters. 

i he latest classification, although probably not the last, is one 
proposed by La Hue (1957). As shown below, he divides the 
Anepithc iocystida into three orders and the Epitheliocystida into 
two, all cf which appear to be natural groups containing phylo- 
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genetically related forms, in spite of the vast differences in a PP e “ e 
of the adults e.g., the schistosomes, strigeids, and gasterostomes 

olders, there are many flukes whose position on tire fam.ly tree rs 
still very uncertain. 


La Rue’s Classiflcation of Trematodes 

Subclass Monogenea. with hooks 

large postero-ventral aUlies PP excretor> . pores 2. anteriorly 

situated** External"™ semiextema 1 parasites of aquatic animals, 
usually fish or Amphib.m disc , usua „ y with j to 

Order Monop.sthocoty ea O"^ ' , mar * inal , 1<)<)k , ( . ts ,Fig. 58H- 

— 1 " ing oviduct and 

eecum. rwthantor comprising a number of mus- 

°' te s-srs'"™?™ r fs - j- ,n, «a, f. »„ 

asexual 8 o„cra » . sur face. usually on a largo 

severa rows ° f ^," om y resc mbles that of Digenea. One 
ventral disc; ‘"‘"“X „f mollusks. fish or turtles, 
fam.ly. ' ntcn '^ '‘generations interposed in life cycle nearly 
Subclass Digenea. Asexual g cuplike suckers for adhesion; 

always in mollusks. Oncj^ paras «es of vertebrates. 

excretory pore Single, I t • ^ bladder in eercaria tlun- 

Superorder Aneplthejlocyatlda. ^ cxtIt . torv (lll cts (Fjg . 57/t). Ccr- 
Sf’Jffaied in par. by molding of body (see legend for 

Fig. 57B). C riae f„rked-.ailed (Fig. 60A, 64B) or 

Order Strigeatoidea C ^ m G, //). usually developing 

derived from that more primitive forms with 2 pairs of 

in sporocysts. Miraci d __ ( 326 an<1 266); schistosomes 

flame cells, '"(-hides g j 266); gasterostomes 

(ChjP T,^S“ fis P hes si "he mol™ the mid- 
(Bucephal.dac) paras,t of which are 

w ...»«... p»- 

sites. 
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Order Echinostomida. Cercariae with large bodies and strong unforked 
tails (Fig. 60 B, C, D; 82A), and with abundant cystogenous 
glands; metacercariae encyst on vegetation, in snails, on frog 
skins, and only occasionally inside aquatic vertebrates; miracidia 
with 1 pair of flame cells. Includes the Fasciolidae (pp. 317-319, 
304-307); echinostomes (pp. 324-326); amphistomes (pp. 315- 
317); and certain "monostomes” of birds and reptiles. 

Order Renicolida. Cercariae develop in sporocysts in marine snails; 
have excretory bladder with numerous diverticula, and large 
unforked tail with fins. Kidney parasites of birds. 

Superorder Epitheliocystida. Excretory bladder in developed cercariae 
with thick epithelial walls derived from a mass of mesodermal cells 
(Fig. SIC). 

Order Opistliorohiida. Cercarial tail formed as in Anepitheliocystida, 
so with excretory ducts entering it, at least during development; 
no stylet. One suborder, Opisthorchiata, contains Opisthorchiidae 
(pp. 309-314), Heterophyidae (pp. 319-323) and many fish 
parasites, all with "pleurolophocercous” tail, i.e., long, with lateral 
fins (Figs. 60E, 75A), which encyst in lower vertebrates. The 
other suborder, Hemiurata, contains numerous parasites of fishes, 
all with nonciliated miracidia. and peculiar “eystophorous” cer¬ 
cariae (Fig. 62/), which use copepods as second intermediate 
hosts. 

Order Plagiorchiida. Cercarial tail formed entirely by backward 
growth of tissue from area between primary excretory pores, so no 
excretory vessels in tail; stylet usually present (Fig. 60F, 70F); 
encyst in invertebrates, usually arthropods, as second intermediate 
hosts. Includes Troglotrematidae (c.g., Paragonimus , pp. 299- 
30* and Xanophjcttis, pp. 323-324); Dicrocoeliidac (pp. 307- 
30<)>; P'agiorchiidae (pp. 327-328); Lecithodendriidac, contain¬ 
ing many minute parasites of bats; and many families of fish 
parasites. 

fluke.*: which infect man may be divided for convenience into 
0 " ‘*ps: t A the Mood flukes or schistosomes, (2) the lung flukes, 
' ! f| e : :\v« flukes, and (4) the intestinal flukes. Over forty different 
i . V :• itv ordcd as human parasites, but only ten of these 
a c < '!* • i enough to be more than medical curiosities. 

most feasible method of control of 
es is destruction of the snails which serve as intermediate 
* ,ie methods employed depend upon the species of snails 
involved and on local conditions. 

i ' , ‘ °* chemical substances is often feasible and offers valuable 
possibilities, l.iver flukes of cattle and sheep do not occur in salty 
pastures, and a liberal use of salt can under very special conditions be 
oi advantage. The writer (Chandler, 1920) found that all species of 
snails re destroyed by very high dilutions of copper salts. Since then 
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mmmrn 

sSgsssssas 

discussed further on pp. 293---94- diseases would be by 

—- 

protection against eercariae m the case of schistosomes 

Monogenea 

THe .** - Jf 

skin, and cloaca o^fishes, ^ jn , hc urinary bladder or mouth 

urinary bladder of ampl •• _ foimd jn „, eeyes of hippopotamuses, 
cavity of turtles, and omeg ' gills al „l fins of fishes cause serious 
Some of the species attack! jg ^ are of muc h more importance 
losses in fish hatcheries. I . nah ,re they seldom cause much 

than their endoparasihc relat. for lieavy infections early m 
trouble since there is Uss 1 d ^ Most Monogenea produce 
life, and a protective >">'• ' which ‘ at once attack their definitive 
large eggs that hatch into V actyli<la e. give birth to larvae of 
hosts, bu, those of one fam.^ CMo^ ^ ^ ^ „ n lhe gil , s „f 
large size, one a a time. ' f a(llllt loa ds or frogs. Most 
„dpolc, o, in 1 tS U-* » 1>««- 

Monogenea arc *airl> spetmw 
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the trematodes or flukes 

II. SCHISTOSOMES 


Human Schistosomiasis 

against malaria, schistosomas,* it and „o 

spite of of irrigation projects and 

easy means of control. • arc increa $ing its distribution and 

concentration of human l ^ there are 114.000.000 people 

intensity. Stoll (1M« 46 , 000,000 of them in the 

infected with schistosome » rl “' e cr in the Orient, on 

Orient. In 1050. Wright thought tw() . thir(ls of Stoll s 

a conservative schistosomia sis as the most serious 

figure. Maegraith (19. ) ^ cslim ated that there were more 

parasitic disease in \\ jn the country. Indeed, in a news 

than 11,000,000 in vv U < l aiina Ncws Agency announced that 

release in July of U* d dea | with 1089 disease subjects 

research groups had h g |( probable t h a t Stoll’s estimate 

and schistosomiasis < |ower Egypt> f or instance, an incidence of 

for Africa is too low 1 ( ^ ^ thoroughgoing diagnosis 

60% infection was c ‘^ Ins , ea d of 6,000,000 schistosome 
demonstrated 9o/c m som more , jke 10 ,000,000. Schisto- 

infections in Egypt principal scourges of that country, 

somiasis is undoubtedly ^^ ^ ^ judged by Wright s esti- 

The seriousness o sctos during tbe recapture of 

mate that infection o 300.000 man-days and medical 

Leytc in mention subsequent veterans benefits. 
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and treatment costs in just one of the five endemic areas in Japan 
(about 90 sq. miles). The geopolitical effects of schistosomiasis have 
rarely been evaluated. Kierman (1959) has recently described the 
decisive role of schistosomiasis in preventing a military assault by 
Red China on the island of Formosa in early 1950. An estimated 30 



Fly. c'». Au l a!, riji . xlahratu,. the intermediate host of Schistosoma mansonl 
in 1 erto Rit ». * Community Diseases Center Rgpt., 1957.) 


.iiriin iast‘i of acute schistosomiasis delayed the com¬ 
munist v . s«- ;t..< k by at least 6 months. Six months was too 

long and. .» tiim of this writing 9 years later, another such 
o,- .>n i:»i»\ . .a oiling an attack on Formosa has not presented 
itself. 


histosomes and most of the other 
U! *n;/. to the genus Schistosoma (Fig. 64),* in 
e !an. :y Scbn Iokom ..it idao. Phis family shows affinity with s 



i • pri ir> over Schistosoma, but before this became 
1 tin International Commission on Zoological 

; , ir "’hi it inviolable regardless of later findings. 

; 1 many I , > (and W.ll.O.) prefer Bilharzia, honoring the dis¬ 

coverer of the par.isites. 
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IIIO IIVU'Mivv— — - 

and certain other flukes (see p. 273) in having miracidia with two pairs 
of flame cells, daughter sporocysts instead of rediae, 
forked tails but is peculiar in having separate males and females, wiueli 
Sdltoscno are morphologically quite different. Th, 
male, usually about 8 to 16 mm. long, has a cylindncal appearance but 


oas. 




N.. *«• A, Blood fluke. *9 ! a Z ora. Maker of i ; e,„ 

in gynecophoric canal ^ ^ L(K1SS B , ccrcaria of S. la,,onlcum: a.s.. 


Fig- 64. 

vennJsucker. x8. (. **£*£??£ pore; flame cel.s; 
anterior sucker; c., cecum- - •» ? and . orifice of anterior sucker; <»./».. 

genital pnmordium, *•« •> . ff i ands . 3 basophilic penetration 

oral pore; 2 x 275. (Adapted 

a —r «* w£ 

rolled ventrally to f J lindrica l female projecting free at each 

the longer and more d Ues safe in the anns of her spouse 

S' ha eir °^nZ^oLes they seem to remain permanently 
(Fig. 6 ^A). t j le linc ouplcd females remaining spinsters, 

” is of more wnpanionate nature * 
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Oddly enough, the female worms do not become sexually mature until 
they become associated with males, although the males are able to 
develop quite independently of the females (see Moore et aL, 

Both male and female worms are provided with oral and ventral 
suckers; in the male the ventral sucker is large and powerful. The 
digestive tract has no pharynx, and the esophagus forks, as usual, just 
anterior to the ventral sucker, but the forks reunite in the middle 
portion of the body to be continued as a single tube (Fig. 65). The 
male worm has several testes just behind the ventral sucker, and it 
is here that the genital pore opens. The female has an elongated 
ovary situated in the fork where the intestinal coca rejoin. Most of 
the posterior half of the worm is occupied by the yolk glands. Anterior 
to the ovary is a straight uterus which contains a small number or 
eggs, 1 to 50 or more in the different species. 

Unlike most flukes, the schistosomes do not develop great numbers 
of eggs all at once, but instead develop them gradually and have 
only a few in the oviduct at any one time. Schistosomes live for many 


years. 

Life cycle. The human schistosomes and most of the other species 
live in small mesenteric or pelvic veins, but one species in cattle, 
Schistosoma unsafe, lives in veins in the nasal and pharyngeal mucosa. 
The female forces her slender body into as small blood vessels as 
possible, and there deposits her eggs, one at a time. Pesigan et al. 
(1958) estimated that a female S. japonicum lays about 1200 eggs 
per day. The eggs (Fig. 65) usually retain their position by their 
spines and by the contraction of the vessels after the body of the parent 
worm has been withdrawn; presumably aided by histolytic secretions 
of the embryo inside, they gradually work their way out of the vessels 
and into the tissues of the walls of the intestine or bladder, and finally 


into the lumen of these organs, whence they escape with the feces or 
urine. Some of the eggs, however, are accidentally carried to the 
liver or lungs where, as in other organs, they set up inflammations. 
Eventually the irritated tissues become so thickened that most of the 
eggs are trapped. The eggs of S. japonicum take 9 or 10 days to de¬ 
velop mature miracidia while passing through the tissues, and will 
live for 10 or 12 days longer if not expelled, but many die in the 
tissues, becoming blackened and calcified. S. mansoni eggs remain 
alive in tissues of experimentally infected mice for 3 to 4 weeks after 
the parent worms have been killed by drugs. 

Cross-fertilization between different species is possible. The sex 
of the future adult worms is already determined in the miracidium; 




, -..lulls and eggs. A, 6 s mansonl; B, $ S. mansonl; 

rlg . 65. Schistosome J tobium; D# anterior end of <J S. iaponicum; 

c, ovarial region of S. J m(I(u , )iljm; e „ c gg; <•.«., esophageal glands; g.p., g-n.tal 
E. anterior end of « • , intestine; i.c.. intestinal eeca; f.c.. junction of coca; 

pore; g.c., gyncop .' d|lc| . ovary; ... testes; uterus; o., vitellana; 

M g- Mchhs gland; od.. • of various schistosomes; 

C.d., vitelline duet; c bocis; d. nml/.eci; e. munsoni; /, rodhuini 

“• haematobium; ^ ' s ,,,,,,/,,/e. i. I uponicum; fc. indirum. ( Adapted 

; auihr F :os,.V fin SchweU. Baumann, and For,. Ann. sue. 
be/ge m^d. 33, 1953.) 
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of the thousands of cercariae developing from a single miracidium all 
produce worms of one sex. 

Dilution of the feces or urine in water causes the eggs to hatch 
within a few minutes to several hours or more; in undiluted feces or 
urine the eggs survive for some time but do not hatch; but in water 
in cold weather they may survive for several months. The miracidia 
(Fig. 66A) live for 24 hours or less, and therefore must find a snail 
of a suitable species within this time. The snails that will serve as 
intermediate hosts are different for each species of schistosome. When 





Fig. 66. Stases in life-cycle of schistosomes. A. miracidium of S. haematobium. 
Abbreviations as in Fig. 59A: x 3IKI. ( From Human Helminthology, by Ernest 
Carroll Faust, Lea and Febigcr, Philadelphia.) B, primary sporocyst 8 days after 
infection. C. mature primary sporocyst (19 days). D, young daughter sporocyst 
(19 days). E, mature daughter sporocyst. ( B, C, D, and E x35; after Faust 
and Hoffman. Puerto Rico J. Publ. Health Prop. Med., 10, 1934.) 


(he miracidia come clo:o to a suitable snail they become excited and 
make a dash foi it, burrowing into the tentacles or other parts, much 
to the irritation of the snail. Many miracidia become mired in the 
tough tissues of *lu- foot or head; those attacking the soft parts succeed 
in embedding ihcuistlves wi thin a half hour after the attack begins. 
During pencil at for. the ciliated outer coverings are shed and the 
miracidia elongate and become tubular sporoevsts. These make their 
way through the viscera to the digestive gland at the innermost 
extremity of the snail. 

n S. mansout die sporoevsts reach a length of 1 mm. in about two 
weeks, and begin to province daughter sporoevsts which burst free 
from the mother sporocyst. These, in turn, reaching a length of 
1.5 mm. by 0.09 inm., produce forked-tailed cercariae from germ 
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masses at their posterior ends. The mature cercariae (Fig. 64) 
begin emerging from a birth pore near the anterior end of the 
sporocyst, which continues to produce them for several months. 

S haematobium and S. mansoni are said to begin shedding cercariae 
about 4 to 6 weeks after infection under optimum conditions, but 
in Leyte S. japonic,m was found to require 11 weeks. A snail in¬ 
fected by a single miracidium of S. mansoni was observed by Faust 
and Hoffman (1934) to discharge an average of 3500 cercariae a 
day for a long time; in one instance the total progeny of a single 
miracidium exceeded 200,000. S. japonic,,,,, evidently develops less 
abundantly since Pesigan et al. in 1958 reported that infected snails 

emit about 5 cercariae in 2 days. , , . 

ti The cercariae of haematobium and manson, have a body about -00 ,, 

] long with a tail stem slightly longer and forks about To ^ long: those 
11 of S. japonic,,,,, are slightly smaller. They escape from the snail 
into the water in • puffs." a number at a time For two or three days 
the cercariae alternately swim and rest in the water; if they fail to 
reach a final host in this time they die. If successful they burrow 
through the skin, using the hist.,lytic and hyaluro„.dase_ bearing 
secretions of their penetration glands just as the miracidia do. The 
nat ves of some parts of Africa where S. hacmatob.um occurs realize 
"hit infection may result from bathing, but from the nature of the 
disease they believe that infection takes place by way of the urinary 
passages and therefore vainly employ mechanical devices to prevent 
infection in this manner. Ruminants, because of the neutral or alkaline 
nature of parts of the stomach, can become infected with schistosomes 
by drinking cercaria-infected water, but other animals cannot. 

y skin penetration requires several minutes and may or may not be 
accompanied by a prickling sensation and subsequent dermatitis (see 
‘ 294 If ingested with water the cercariae attach themselves to the 

mucous membranes of the mouth or throat and similarly bore in. They 
leave their tails behind them, and can be found m the skin for abou 
18 hours but eventually they find their way into the blood system and 
ire carried via the heart to the lungs. Young S. mansom accumulate 
L the limits .... the second and third days; by the sixth day they appear 
in numbers in the liver, where they are well established by the fifteenth 
day Apparently these larvae feed only on the portal blood but oner 
th» liver they grow rapidly. Migration of this species to the mesen¬ 
teric veins begins about the twenty-third day, and mating and egg 
nrnrfuction about the fortieth clay. 

1 Snecies in man. There are three species of Schistosoma which are 
habitual human parasites of wide distribution-S. haematobium, S. 
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mansoni , and S. japonicum , the first affecting primarily the urinary 
system, the other two the intestine. S. haematobium has large, ter- 
minal-spined eggs measuring 115 to 170 /x by 45 to 65 /x (Figs. 55A, 
65F, a); 4 to 6 testes in the males; the female with the ovary posterior 
to the middle of the body; 20 to 30 eggs in the uterus; and a tuber- 
culated cuticle. S. mansoni has lateral-spined eggs of similar size 
(Figs. 55B, 65F, e); 8 or 9 testes; the ovary anterior to the middle of 
the body; only 1 egg in the uterus; and a tuberculated body. S. japon- 
icum has smaller and more rounded eggs (70 to 100 /x by 50 to 65 /x) 
(Figs. 55C, 65F, /), with a rudimentary lateral spine that is often diffi¬ 
cult to see; 7 testes; ovary posterior to the middle of the body; 50 or 
more eggs in the long uterus; and a smooth cuticle. The cercariae 
of these three species are distinguishable by the number and type of 
their penetration glands. 

S. mansoni is occasionally found in nature in animals other than man, 
including monkeys and various kinds of rodents. Monkeys have been 
found naturally infected with S. haematobium and a variety of rodents 
can be infected in the laboratory. In the Orient S. japonicum , on the 
other hand, is a common parasite of cattle, goats, pigs, dogs, and cats 
among domestic animals and also weasels, meadow mice, moles, and 
shrews in the wild animals. S. haematobium is widely distributed in 
Africa, the Middle East, western India, and part of Portugal; S. man¬ 
soni over most of Africa and also in South America from Brazil to 
Venezuela, and in some of the West Indies; and S. japonicum in the 
Far East in Japan, China, some of the Phillipine Islands, and Celebes. 

The intermediate hosts of these three species belong to three dis¬ 
tinct families of snails (see p. 270); those of S. mansoni to the family 
l’lanorbidae, those of S. japonicum to the family Hydrobiidae, and 
those of S. haematobium to the family Physidae (or Bulinidae), but 
only certain species of certain genera of these families are satisfactory 
hosts. An exception is the recent report that in western India a species 
of Ferrissia (family Ancylidae) may serve as intermediate host for 
S. hacmatoh>um. The species of schistomes are not only highly specific 
in their choice cf intermediate hosts, but strains of one species may 
vary in f heir ability to sene as hosts, and may be good hosts for one 
strain o‘ » paiasite and no, another. For example, Files (1951) found 
that A'l'tralcrhis glabrnlus from West Indies and Venezuela is more 
susceptible to strains of S. mansoni from the Western Hemisphere than 
from Egypi. and one strain of this snail from Brazil was found re¬ 
factory to all strains of S. mansoni. Biomphalaria boisstji from Egypt 
is receptive only to Egyptian mansoni , but B. pfeifferi in Liberia is a 
good host tor 5. mansoni from either Egypt or America. Likewise in 
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develop in man but is a parasite of small mammals. A species with 
eggs suggestive of japonicum , S. margrebowiei (Fig. 65F, h) y has been 
found in man in Congo and South Africa. In addition to the above- 
mentioned species, eggs of a pig schistosome in India, S. incognitum , 
were found by the senior writer in feces believed to be of human 
origin; these eggs have a subterminal spine (Fig. 65F, g). 

schistosoma mansoni. This is an important human parasite in 
many parts of Africa and tropical America. In lower Egypt, since the 
development of perennial irrigation, a majority of the predominantly 
rural population (fellahin) is infected, and in some irrigated districts 
in Venezuela Scott estimated up to 90% of the males over 10 years of 
age to be infected. The adult worms have a special predilection for 
the branches of the inferior mesenteric veins which drain blood 
primarily from the large intestine and cecal region, but they occa¬ 
sionally get into the urinary system and have the eggs voided with 
the urine. A healthy, mated female worm deposits a single egg at a 
time, about three hundred times a day. Mice, hamsters, gerbils, and 
cotton rats arc the best experimental hosts; rats recover too readily, 
and in other animals either the eggs fail to be produced, or few worms 
develop. Egg production begins in about 6 to 7 l / 2 weeks in experi¬ 
mental animals. 

The intermediate hosts, as noted above, belong to the family Planor- 
bidae. In Africa they are species of the genus Biomphalaria. The 
Egyptian species is usually referred to as B. boissyi, and in most other 
parts of Africa and Madagascar as B. pfeifieri, although several other 
species have been reported as hosts. Amberson and Schwarz consider 
even boissyi and pfeifieri to be subspecies of one species, B. alcxan- 
drinn. B. boissyi is a snail of ditches and ponds, whereas P. pfeifieri 
is a riverine species. In South America Australorbis glabratus (Fig. 
67/>), A. olivaccus, and Tropicorbis centimrtmbs . and in the West 
Indies A. glabra!us and A. antiguensis , serve as hosts. Fortunately 
the North American planorbids fail to sene as hosts with the exception 
of Tropicorbis lunanensis of the southern states, and in only a very 
few ot these do the invading miracidia succeed in producing cercariae. 

S. mansoni infections are almost everywhere associated with peren¬ 
nial irrigation, which provides good breeding grounds for the planorbid 
snails, and brings man into contact with the water. The danger is 
intensified by the Moslem custom of washing themselves after defeca¬ 
tion; as Khali pointed out, a habit directed towards personal cleanli¬ 
ness has become a dangerous contributor to disease. An interesting 
situation exists in Egypt where both mansoni and haematobium are 
prevalent in the delta, but only haematobium in Upper Egypt, al- 
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though both species are again prevalent in Sudan. Hehny showed 
that this was because Biomphalaria boissy, is a quiet-water surface 
Sing snail, and although washed down the Nile from the Sudan 
it fails to find landing places until the current becomes very reduced, 
whereas Bulinus truncaius, the snail host of S. hacnatob.um, settle , 
the bottom and crawls out. The difference is strikingly demonstrated 
by putting Biom,Maria and Bulinus in a glass of water and emptying 
it-Biomphahru' is poured out but Bulinus clings to the glass. 

schistosoma haematobium. This schistosome is very prevalent m 
. t Af r j crt Madagascar, and southwestern Asia, and a few 
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Bulinus, V A sia , ,he East Alrieau highlands, and South 

ranean area^south, ^ /J(|/i)lus , runc(lfus (Fig. 67A) or closely 

Af . r ' Ca 'I*® These are snails of moderately warm countries, but not 
related form . T low ., ying countries in equatorial Africa, where 

t5£Z related forms are the hosts. Both these spce.es 

Fonncriy resized as a separate family, but now considered a subfan.ily 
of Planorbidae. 
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occur together in many parts of Africa, but only B. africana in tropi¬ 
cal Central Africa and the Guinea Coast. In the island of Mauritius 
B. forskalii is the host. These same snails also serve as hosts for the 
other African schistosomes with terminal-spined eggs. 

As noted on p. 285, in Belgian Congo another schistosome with 
terminal-spined eggs, S. intercalation, is found in man. Like S. haema¬ 
tobium, it uses Bulinus as an intermediate host, but it is an intestinal, 
not a urinary, species. 

schistosoma japonicum. This species, as noted previously, occurs 
naturally in a great variety of reservoir hosts in many parts of the 
Orient. The adult worms live mainly in branches of the superior 
mesenteric veins; the eggs, up to 3500 a day, are deposited in the 
walls of the intestine and make their way into the lumen until, as in 
other species, the wall becomes too thick and the host reaction too 
great. Not infrequently eggs become imbedded in the appendix also, 
and may cause appendicitis. More frequently than in the other 
species the eggs, which are laid in clusters, are swept back into the 
liver, and often on to the lungs. 

The intermediate hosts of S. japonicum are small, operculated, am¬ 
phibious snails of the genus Oncomelania (family Amnicolidae) (Fig. 
67C-E). In Japan the host is O. nosophora, a smooth-shelled form; 
in China it is the rib-shelled O. hupensis, and perhaps one or two 
related species; in the Philippines it is O. quadrasi, with a smooth, 
pointed shell; and in Formosa it is O. for mo Sana, but this species will 
not allow development of S. japonicum from Japan. In 1959, Wagner 
and Chi showed that four Oriental species of Oncomelania will readily 
interbreed in the laboratory. Hey (1959) has recently described a new 
species, Oncomelania brasiliensis, from Brazil. The snails were found 
in the state of Mato (Grosso in an area inhabited by many immigrants 
from Japan and Okinawa. Hey pointed out that the possibility of 
establishment of S. japonicum in Brazil should be investigated. The 
nearest relative of Oncomelania in the United States is Pomatiopsis 
(see p. 299 and I ig. 69C), which is a host for Paragonimus. This 
snail can sometimes produce cercariac of S. japonicum but is not a 
good host. 

The snails of this group are only 7 to 10 mm. long with high-spired 
shells. The young snails live in water but when mature they are 
amphibious and live in damp places at the edges of water and are com¬ 
monly found climbing on vegetation, mud, or rocks along irrigation 
ditches and edges of ponds and streams, especially where the water or 
soil is enriched with humus or night soil, for they feed on filth. They 
arc frequently submerged with rising or disturbed water and are car- 
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ried from dirty village ditches to rice fields While submerged they 
are attacked by the miracidia. which habitually swim near the surface 
of the water. In Japan and China irrigation d.tches arc b> far the 
most important locatLs for the snails, rice fields less so but m the 
Philippines, where agriculture is less highly developed O. quadras, 
occurs mainly in small, slow-flowing streams clogged with vegetahom 
In northern areas the snails lay their eggs singly m the spnng, patting 
mud or debris on them so that they are hard to detect. The snails get 
infected in the summer, hibernate in winter and shed cercariae the 
following spring. Farther south there are at least two broods >car, 
•ind cercaria production is more or less continuous. 

Pathology The diseases produced by various schistosomes are 

similar .I, many respects bu, differ in 

cases there are three distinct stages of the disease. (1) the period ot 

there to constant reinfe.tton. to dlsUnct stages are not 
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diarrhea a n omin P ^ toms except blood in the urine, often 

and sometimes some irritation from urinat- 

,n ^ d ‘i i : < :ny in as O ;;.J , Us^s , S^e h L^i^ n t 0 the eggs passing 

Gr «h ihe 'tissues and tissue reactions cause the walls of the intestine, 

u! r °l l 8 <1 urinary passages to become thickened and inflamed, trap- 
bladder, and unmry ^ symptoms of the fhird stage come 

!T 8 Re" intestinal forms there is recurring diarrhea or dysentery’ 
«in„ ..bdominal pain, and enlargement of liver and spleen. As 
increa. g sscs , he i iver eventually recedes and becomes con- 
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emaciated, and abdominal pain may become very great. In haemato¬ 
bium infections bloody urine continues with increasing pain on urina¬ 
tion, often with constrictions oFthe urinary passages, and eventually 
inability of the bladder to contract (Fig. 68). Fistulas and even malig¬ 
nant tumors may develop, involving the bladder, prostate, or penis. 
Usually, however, this infection causes less serious symptoms than 
does S. mansoni. One side effect of the disease is a high incidence of 
urinary typhoid carriers. 



Fig. 68. Section of wall of urinary hl.idricr showing eggs of Schistosoma 
haematobium. (After Brunipt, Nouveau traite mcd., 5. 1922.) 

In light cases there may be no noticeable symptoms at all except 
blood in the stools or urine, or there may be only general symptoms 
such as loss of appetite, weakness, aches, etc. On the other hand, in 
severe infections there may be a number of serious complications, 
particularly from eggs being deposited in arterioles in the lungs, caus¬ 
ing what is variously called cardio-pulmonarv schistosomiasis, "cor 
pulmonale.” or "ayerza disease/ Inability of the blood to pass the 
clogged vessels in the lungs may lead to cyanosis (blueness from in¬ 
adequate aeration ol the blood), congestive heart failure, and aneu¬ 
risms (blowouts) of the pulmonary artery or other vessels. In South 
Africa, S. haematobium eggs are found in the lungs of people dying 
of lung diseases twice as frequently as in those dying of other com¬ 
plaints. I he more frequent involvement of the lungs in haematobium 
inlections is not par lit ularK surprising since the venous drainage of the 
urinary bladder bypasses the liver and eggs may be carried directly to 
the heart without being trapped in the liver. There is some evidence 
that Egyptian splenomegaly or Banti's disease, characterized by 
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huge spleen enlargement, edema, and anemia, may also be a mamfesta- 

tion of schistosomiasis. t . . u 

Lesions Jn other parts o f the body (ectophc tenons) result from 
aggre"atesof tubercles forming around eggs which have escaped and 
hive been carried to distant parts of the body; they van'm size from 
,,inhead lesions in the conjunctiva to lesions the size of an orange 
in the brain In S. jti/ionictim infections a significant proportion 

iSfcTbi probably bec«, tat 

bral veins provide a natural channel from the portal and caxal 

Ve T™ m „niiv Little is known about development of immunity to 

, . . i , ... hut experimental animals develop immunity 

schistosomiasis b> man. but^pe^ ^ Mo()r , 1954) , and there 
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negatives to be positive, and by the rectal scraping method 83% of the 
negatives were positive; by all three methods combined the incidence 
was 95%. Immunological tests are also useful in chronic cases, using 
antigens prepared from cercariae; skin tests, complement fixation, and 
formation of a precipitate around schistosome cercariae all have their 
uses. Complement fixation and precipitin reactions are demonstrable 
within 2 or 3 weeks, skin reactions after 4 to 6 weeks. In a survey in 
Puerto Rico by Morales et al. (1950) both skin test and biopsy (rectal 
scraping) proved superior to stool examination, but any one method 
may miss cases positive by the others. The skin test is easiest to per¬ 
form and therefore to be preferred in a survey. 

Treatment. Tartar emetic (sodium antimony tartrate) and other 
trivalent antimony compounds, particularly Anthiomaline and Fuadin, 
have specific effects in schistosomiasis. These drugs cause degenera¬ 
tive changes in the adult worms, especially affecting the reproductive 
organs. The injured worms lose their hold and are swept into the 
liver. The drugs do not kill the eggs, but if reproduction of the parent 
worms is stopped, there will be only dead and blackened eggs in the 
tissues after about 3 weeks. 

Tartar emetic is cheap and effective, but must be given intravenously 
over a period of about 4 weeks, and it is toxic. Fuadin can be given 
into the muscles but is more effective intravenously; it is expensive 
and somewhat less effective but less toxic. Anthiomaline is similar to 
Fuadin but less expensive and also loss efficient. None of these drugs 
is as effective against S. japonicum as against the other species. Penta- 
'■alent antimony compounds arc comparatively ineffective. To over¬ 
come* the long time required for cure, attempts have been made to 
intensify and shorten the treatment, using courses extending 2 to 10 
day**, with some success (see Alves and Blair, 1946), but also some 
dangr Friedheim has developed a relatively nontoxic compound, 
aritimom dirm rcaptosuccinate (TWSb); Salem. Friedheim, and El 
Sheri! ( 193') reported « high rate of cure of S. haematobium and S. 
mansoui inhc’ii.os with low toxicity. Ibis was confirmed with S. 
haematobium ». lections l*y Alves in 1958 and others, and the drug 
may well replace fuadin. 

There is a group of xnnthone derivatives (miracil D, Lucanthone, 
and others) which are effective against schistosomes when given by 
mouth. This would lie of tremendous advantage if it were not that 
the drugs produce such unpleasant (though not dangerous) toxic 
symptoms as nausea, vomiting, mental depression, and pains, so severe 
that many patients prefer their disease. This drug is most effective 
against S. haematobium infections and no good against S. japonicum. 
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by workers at the National Institutes of Health to be the most effective 
molluscicides of all in laboratory tests, but adequate field tests have 
not yet been made. All molluscicides rapidly increase in effectiveness 
with temperature. 

Halawani has called attention to the fact that while complete eradica¬ 
tion of snail hosts in Egypt is at present not feasible, very marked 
reduction in human exposure to infection could be obtained by treat¬ 
ing local areas—villages, bridge crossings, washing places, etc.—where 
the snails are most exposed to miracidia and man most exposed to 
cercariae. Objection has been raised that snails would quickly invade 
from untreated parts of ditches, but in Nigeria stretches of streams 
1*4 to 3 miles long, freed of snails, remained free for 10 to 11 months. 

Additional control methods, locally applicable, consist of paving or 
clearing vegetation from ditches, use of natural enemies of snails, and 
wholesale treatment. The last might be feasible if a drug could be 
found which would prevent passage of viable eggs. Attempts have 
been made to utilize pathogenic bacteria as natural enemies. A snail, 
Marisa, avidly devours eggs of Australorbis, and certain leeches are 
destructive to it. The latter approaches do not impress the authors 
as ones likely to lead to control. 

For personal protection against cercariae, e.g., in military operations, 
Hunter et al. in 1952, in tests against schistosome dermatitis, found 
copper olente ointment to be effective tor 6 to 8 hours, and ointments 
containing dibutyl or dimethyl phthalate or benzyl benzoate for 4 to 6 
hours. Hunter et al. (1950) and others have developed a number of 
other ointments which show great promise in protecting against in¬ 
fection. Clothing impregnated with mixtures of these chemicals, with 
a detergent added as an emulsifier, is protective even after several 
soap-and-water washings. Some protection is obtained by carefully 
wiping the skin after immersion in infected waters, although if given 
time the cerc iriac can penetrate while submerged. Protection against 
cercariae in drinking water and in unfiltered urban water supplies is 
possible by impounding the water tor -IS to 60 hours, or by treatment 
with enough chlorine to give a residual of 0.5 ppm for 15 minutes or 
0.1 ppm tor 30 minutes. 


Schistosome Dermatitis (Swimmer's Itch) 

The penetration of the skin by the cercariae of human schistosomes 
usually causes a prickling sensation and may or may not cause an 
itching rash or papules; these skin effects are undoubtedly conditioned 
by the extent ot prior invasion and sensitization or immunity. 
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As Cort demonstrated in 1928. certain species of “foreign" cercariae. 
incapable of infecting man, cause a severe dermatitis or “swimmers 
itch" when they penetrate the skin of bathers or waders who have 
become sensitized by repeated exposure. This condition annoys vaca¬ 
tioners on sunny bathing beaches in northern United States and south¬ 
ern Canada, from New England and Quebec to Manitoba and Oregon 
In the north central states Ccrcaria stagnicolae is the most important 
since its host, Slagnicola emarginata, inhabits the same waters as the 
human bathers, and the cercaria. like the bathers swarm near he 
surface in shallow water on warm, sunny days. McMullen and Beaver 
( 1945 ) believe that the snails acquire their infections man ly from 
migrating ducks in the fall when the beaches are otherwise deserted 
Swimmer s itch also affects clam diggers and sea bathers on H e North 
Atlantic coast, bathing beauties in Florida and Hawaii, naturalists 
on rocky shores of southern California and Mexico fishermen n San 
Salvador, carp breeders in Germany, rice growers ... Japan and Mabya, 
farmers in Iraq, and lake bathers in Australia and New Zealand. 

It may be expected that wherever suitable snail hosts are present in 
abundance and birds or other definitive hosts congregate ... sufficient 
, ’ 1 for , lone enoie'h time to infect them, and human beings 

Z^eTteir; “come 8 in' contact with the water, swimmer s itch is 
Sy to be a nuisance. Most of the known fresh-water itch-producer^ 

which are cercariae with eye spots belonging to the Cercana occ a,a 
are c jcs of Tric UobilUarzia in ducks; two others 

develoo ii'to species of GiRantobilharzia in passerine birds; one into 
SMsorrmtiun, douthM in rodents; and one into Schistosoma spm- 
i I I- oi „,l „n .ts (see Cort. 1950). One marine form occur- 

t£ in RhU Island *.nd ..« l*nd ^ “ 

ofsh-b^ s <>-C.u,^C ; ^.19^er ^ ^ 

Altlioug . some 1 reduced bv wiping the skin dry immediately 
2 "ZZ Se ZL Children getting alternately we, and dry in 
sh .l ow water are affected worst. The dermatitis begins with a prickly 
followed by the development of extremely itchy papules. 
S T- 1 on e i s became pustular and may be accompanied by con- 
siderable swelling. Some individuals are much more severely affected 
than others ami may lose .....cl. sleep and even be prostrated. It usually 
takes about a week for the condition to subside. In previously unex- 
posed laboratory mammals, and probably in man, bird schistosomes 
after skin penetration migrate to the lungs and may produce pu - 
i„„„orrhaecs but tl.ev fail to go on to the liver (Olivier, 1949). 
hTonly after sensitization that the cercariae are trapped in the skin 
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by tissue reactions. They soon die in the skin and cause allergic irri¬ 
tation. 

After penetration soothing and/or antihistaminic applications are 
said to be helpful. The dermatitis can be effectively controlled in small 
bodies of water by the use of copper salts to kill the snails. McMullen 
and Brackett recommend copper sulfate for shallow water, and a 2 to 1 
mixture of copper sulfate and copper carbonate for water over 2 ft. 
in depth, at the rate of 3 lb. of the mixture per 10.000 sq. ft. of bottom. 
In larger lakes attention to water currents is necessary. 


Animal Schistosomes 

Cattle, sheep, and goats are severely affected by several species of 
schistosomes in Africa and Asia, the most important being S. bovis in 
Africa, Southern Europe, and Asia; the nearly related S. mattheei of 
South Africa; S. spindale in India, South Africa, and Sumatra; and 
S. nasale (possibly - S. spindale) in India. S. indicum, confined to 
India, also affects these animals, but more frequently horses and 
camels; and S. incognitum, the eggs of which the writer first described 
from feces believed to be human, occurs in pigs and dogs in India. In 
the Orient many animals are parasitized by S. japonicum. These 
various species are distinguishable by their eggs (Fig. 65F). In Africa 
the intermediate hosts are the same as those of S. haematobium, or 
related species of the family Bulinidae, whereas the commonest host 
in India is a planorbid, Indoplanorbis exustus. In addition to these 
members of the genus Schistosoma there are several species of Omi- 
thobilharzia which live in cattle, elephants, and other animals. 

S. nasale causes a ‘snoring*' disease of cattle; it localizes in the nose 
and produces cauliflowerlike growths on the nasal septum. All the 
other species h ive their eggs voided with the feces, though sometimes 
w idi liie urine as well. These parasites cause lowered vitality, espe- 
ci;u! •, 10 doubt, in poorly nourished animals, and cause economic loss 
from ur.saUbility of the liver. 

O'K-ks sometimes sufler from various species of the subfamily Bil- 
i»a z;ei'inac, which differ from the typical schistosomes in having both 
s‘\\c\. alike 1. 1 size am! form. Ccrcariae of some of these, as well as 
H ose of S. spindale, cause swimmer’s itch in man. 
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Chapter 14 

THE TREMATODES OR FLUKES 
III. OTHER TREMATODES 


Lung Flukes ( Paragoniinu*) 

The lungs of various mammals, including man. carnivores, rats pigs 
' 8 1 Willi flukes ol the genus Puwnonimus, 

and "P-.- • • Troglotrematidac. The members of this family 

belonging to the cuticle and with the 

are rather small egg-:hafd < ™^ hjnd , lu .‘ (>var) , Resides ParnRoni- 
'arge testes si uatcd >' M l m i„ C ola, the salmon-poisoning 

and1 fluke that lives in cutaneous cysts in birds. 

ColUjriclum fuba. 


Specie* 

Oninion has been divided as to the number of species of lung flukes. 

whcre ‘ A Nort |, American form, normally a parasite of mink, has 

[ ingen - , ,, illlicotli Investigations of the life cycles have demon- 
been named P. kclhc . ^ hoUtgy and the behavior of the 

strand difference t on i y between Korean and American 

forms, but als Chen near Canton which would not 

rats. P. iloktsuensis, • ^ lnoIlkeys . and another species, oliirai, 

develop ... car " l '° r ‘ ; l f ? ii ’ ies d< („ japan; the latter species is dilfi- 
occurs ... weglerm anni in the adult stage but the larval 

f° ' £ is Still uncertain whether />. r/ngeri and />. 

stages are <l,,r ‘ rtl . { but it se ems probable that they are 

ST The NS American form described by Amec. (1934, is 
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a rather common parasite of mink in Michigan, and infected crayfish 
have been found over a large part of the United States. Since infec¬ 
tion is caused by eating raw crabs or crayfish, which serve as second 
intermediate hosts, human infection is sporadic in most places but is 
endemic in many parts of the Orient, especially in Korea, Japan, the 
Philippines, and parts of Indo-China. In some localities 40 to 50% of 



rig. 69. Lmu: fluke, Paroponimtii westennanni, and fir-i and second intermediate 
ho\ts. A, adult fluke; e/>., t'cnit.d pore; »*<>.. ootype: other abbreviations as in 
Pii». 50 on p.iRe -’>•). />, S< mi\ulcospira libciihiii, snail host in Japan and Korea. 

C, Point: Hop.'.is lajndnriti, host of P. krllicotti in the United States. D, Erlochcir 
iaprndctn a common second intermediate host in Japan. (Adapted from various 
authors.) 


the poprlation are infected. Human infections have also been re- 
ported 1 >m \ Cull Indonesia, India, Belgian Congo, Cam¬ 
eroon?. Nigeria, Ecuador, and the United States. 

! he adult flukes arc reddish brown, thick, and egg-shaped, about 
n i \ to 6 mm. in diameter. The cuticle is clothed 
< d spines. The arrangement of the organs 

can be seen from Fig. 69. \. 

l ain and Yandepitfe •' 1957) described a peculiar fluke, Poikilorchis 
s - h : h p s resembling those of Paragonimus 

an i .iv. s m ibsee>scs behind ihc ears of natives of the Congo. These 
authors suggested that Poikilorchis may be an agent in the lung fluke 
infections reported from Africa. 

Lite cycle. Hie adults live normally in the lungs where, shortly 
after they have arrived, the host forms cystlike pockets around them, 
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which rupture and liberate the eggs into the bronchial tubes to be 
excreted with sputum. These cysts are usually about the si/.e of filberts 
or larger and contain commonly two but sometimes as many as sue 
worms, together with infiltrated cells and numerous eggs m a rust- 
brown semifluid mass. Many of the eggs escape into th « t,ssl ' e '8 ,v,n 8 
it a reddish peppered appearance and causing small ‘ubercfelike 
abscesses. In some cases the worms apparently get on the «rong 
track in the body and end up in such places as the spleen, liver, brain, 
urinary system, intestinal wall, eye. or muscles. In one case more than 
a hundred mature parasites were found in a muscular “ bs ^ ss - 
The eggs (Fig. 550) are yellowish-brown, SO to 118 /. in length 
48 to 6oTi» diameter; they are commonly found in the feces as he 
result of being swallowed. Miracidia develop in the eggs slowly after 
they leave the body, requiring a, leas, 3 weeks, during which time the 

ee ?h”l£ b o^f fc’w.™ O.Ui.tad part lay <««™l Jap- 

Vri from 191.8 to 1921. but the first complete account of the 

vf eW< ; md tie developmental stages (Fig. 70) was given by 

a T who stuched the American form in Michigan. The 

i-,Wch in water and enter suitable snail hosts by burrowing, 
miracidia batch in wa« ^ of fhe falni |y Thiaridae (see 

oln, 0r,C " n’dlv Scmisiilcospira'libertina (Fig. mil). S. amurensis, 
p. 270 , princip. ■ jll(0 F | ori da). all once included in 

Z w* < 19581 “ be 

first intermediate host.‘n/inh!-'fS‘Hydrobiidae (seep. 270) may 

Small amph^oussnmU.^ »a ^ yj^ ^ ... ^ 

£ t Ch£lnd Po.no,ic,,is Uipiilaria (Fig. 69C) is the host of 
P. kellicolti in ^ ^ sadike sporocys , s which 

In . ,hC JJ, twelve first-generation rediae; they in turn produce a 
produce •>' ™ ,,,1-generatio.. rediae. The last produce 20 or 

similar number T hesc arc 175 to 240 ,i long, have a 

30 fully deve ope • # stylet an d 14 penetration glands; 

small knoblike t. , I V or more after infection of the snail. The 
these cercariae apiK-. • in a leechlike manner or float with 

cercariae do not s^ ^ Am( . rican species picrct . the cuticle of the 

the aim- • 1 host in the series, at vulnerable points and 

crayfish, *^ riabl to the heart and pericardium where they 

make tlu 1 gradually develop into mature infective meta- 

bCC °m C ; C ' ( ' ivluch takes 6 weeks or more. In China, Japan 

Philippines various species of fresh-water crabs serve as second 
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Fig. 70. Stages in lift- cycle of Parauonintus kcllicotti. A. miracidium. showing 
ciliated epidermal plates and flame tells; li, mature sporocyst containing first- 
generation r.. ic; C. >oung first generation rctlia; D, mature first-generation redia 
containing a "•end-generation rcdlae; I . mature second-generation redia con¬ 
taining corcnriae; / mici wen ms ccrearia; <: young encysted nu-taccrcarta, 5 
M encysted ... • / exeysted ccrearia, showing exeystation 

f\' u y • ,n ‘ l beginning •zvnit.x] organs (refroctilc granules in large excretory 
bladder not shown). ( Utor Virncl. Am. J. Hy#., 19. 1934.) 


!ul. !, ... ;iI1( l j„ Korea a crayfish is involved. Most of the 


m *hr 

ills 

H 

In i 

thr he 


j vc *i. 

•i.l\ 

rvv 

; ;( |. 

pc to i. 

'Cd 1 

•M » 

• ~c 

S"r 

mid 

r of't •/' 
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some 
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•;h. . muscles of the horly and let's, and sometimes in the 
s Vi • . el a] L958) found metacercariae in 
rab host I he mctacercarial cysts (Fig. 70 H) 
‘).5 mm. or less in diameter. The enclosed spiny 
1 *”dike most encysted forms, and are char¬ 
ge excretory vesicle filled with retractile granules, 


11,0 hl ' ll,,st hicidonce of infection in Japan—over 90% in 
in late summer. This crab inhabits rice fields near the 
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sea and small inland streams, and is extensively used as food. The 
species of Fotamon are coarse-shelled crabs which abound in shallow 
water of mountain streams in Japan and Formosa. In the Philippines 
edible crabs of the genus Paralhelphusa are intermediate hosts. An¬ 
other frequently infected crab is Scsanna, but this is not an edible 
form In the United States probably all the species of Cambarus sene 
as hosts; small sluggish streams. 20 to 30 ft. or ess in width have 
been found to contain the greatest numbers of infected crayfish. 

whereas large streams contain few, if any. 

Infection usually results from eating the infected crabs or crayfish 
without cooking. In parts of China and the Philippines as we as in 
Japan and Korea, crabs are eaten raw with salt or dunked ... wine or 
vinegar In some parts of Japan the crabs are not eaten raw but arc 
crushed on a chopping block, which is subsequently used for prepara¬ 
tion of other foods that become contaminated by the liberated nuta- 
cercariac In some localities the people drink raw juice of crabs or 
Zh „ reduce fever. Possibly water containing cysts liberated 
cray » j cra i )S ma y also be* a source of infection, for such 

cysts tet: 1958 Huang and Chiu reported tha, an 

avenige of 16% of the crabs in markets in Taipei, Formosa, were in- 

fected with hogt . When the young flukes are freed 

Developme f j . fina | h„ s ts. they bore through 

r about in the abdominal cavity for 

the walls ' • |he (ljil p| iragm to the pleural cavity. ...to 

some time, « t ,^ e bronchioles, where they remain and grow 
the lungs, and fit • . . | un g tissue. In a normal 

to maturity in the 'Xr il Lvdy in Vb< ut 4 days and enter the 

lungs after ab .1 wlominal cavity, bereft of ambition or 

miiy Still in , |if!- ,t Xf more than 8 months. Man is probably not the 

^rmaT host'for Paragonimus; the frequency with which the worms 
normal t , icmse |ves in abnormal localities may be correlated 

get tost ant xhe WO rms in the lungs are long-lived, 

with this fact I- J s A German who had become in- 

persisting for at least s > de i icacics provided by a Chinese 

i" A T 0 “h* uS-J... f ” . r* 

S„“hTw,.bl. w., dlwirt - ■> - « -» 13 

fll Ti. h,S rT'T'iiToiluc'r^by' Parngoiiimas infection are usually not 
n, arc suggestive of tuberculosis. The most con- 
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stained sputum, mild anemia, slight fever, and weariness. Only rarely 
are patients incapacitated for work. Positive diagnosis can be made 
by finding the eggs in the sputum or the feces, where they can be 
found in about two-thirds of the cases by the AMS III technique (see 
p. 253). Skin tests using extracts of powdered worms as antigen have 
been tested but in most cases have not proven highly reliable. 

Treatment and prevention. Emetine hydrochloride together with 
sulfonamides is sometimes effective in treatment. Chloroquine is ef¬ 
fective if given relatively early, but after the formation of heavy cysts 
the drug fails to reach the worms. Prevention of infection consists 
either in destruction of the snails that serve as intermediate hosts (see 
pp. 293-294); abstaining from the use of raw crabs or crayfish for 
food, or of their juices as home remedies; care not to contaminate 
utensils, etc., during culinary operations on the crabs; and avoidance 
of use of water for drinking which may possibly contain detached 
cysts. 


Liver Flukes 
Fasciolidae 

1 he liver and bile ducts of man and domestic animals are inhabited 
by flukes of the families Fasciolidae, Dicrocoeliidae, and Opisthor- 
chiidae. 

I he Fasciolidae include several species of the genera Fasciola and 
Fascioloidcs which are very important liver parasites of cattle, sheep, 
and goats; Fasciola is not infrequently parasitic in man. This family 
also includes /• asciolopsis buski (sec p. 317), an important intestinal 
fluke of man and pigs. The Fasciolidae arc large leaflike flukes with 
branched reproductive organs and usually branched ceca also, with a 
small coiled uterus lying entirely in front of the sex glands. The eggs 
are very large; the cercariae (Fig. 61/), which have long simple tails, 
encyst on water vegetation. 

Fasciola hcpatica is 25 to 30 mm. long, with a small anterior cone, 
“* ot,,er members of this genus, giving it a shouldered appearance. 

I ie general arrangement of the organs can be seen from Fig. 71. It is 
found m rattle, sheep, and goats in nearly all parts of the world and 
nas been found in the livers of many other animals including marsupials, 
rodents, rabbits, pigs, horses, carnivores, and primates. Olsen in 1948 
called attention to the importance of rabbits as reservoirs of infection. 
In many parts ol \lrica and the Orient, including Hawaii, F. hcpatica 
is replaced by a similar but even larger species, F. gigantica . Another 
related form, Fascioloidcs magna , which lacks the anterior cone, is 
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. 71 Fasciola hcpatica. A. .hewing reproductive systems only; B, showing 

l 9 . 71. c . |, region. Abbreviations: c.. cirrus; ccc., 

li8CS,iVe ? Z£r. V aZ sperm due,; «... anterior tc-stcs; «.*. 

sosterior tei.es; vitelline duet. vitelline reservoir; other abbreviate,,,* as 

n Fig. SO. (Adapted Iron. Leuekart s chart.) 

■I „ narasite of deer in North America but also frequently in- 
^ectTcattle; h, cattle it commonly becomes encapsulated in the liver 
tissue, whence its eggs fail to escape from the host. Sheep may be 
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severely affected by this species (Swales, 1935). Deer are usually 
not parasitized by F. hepatica. 

In cattle, sheep, and goats these liver flukes cause very considerable 
damage, especially in young animals, which become unthrifty and 
emaciated and under adverse conditions die. Olsen estimates that on 
the Gulf Coast alone there is an annual loss of 44 tons of condemned 
livers (23%) and 58 tons of meat, to say nothing of mortality, particu¬ 
larly among calves, reduction in milk production, and curtailed breed¬ 
ing. In India, according to Bhalerao, F. gigantica causes more damage 
to cattle than any bacterial or virus disease. 

Human infection is not infrequent in some countries. Watercress is 
one of the commonest means of infection, but home-grown watercress 
is seldom exposed to Fasciola cercariae. In Cuba Kouri (1948) re¬ 
ported human fascioliasis to be quite common, particularly in certain 
provinces, in some years actually reaching epidemic proportions. A 
number of cases of human infection have been reported from South 
Africa. Serious symptoms appear, involving the liver, gall bladder, 
alimentary canal, and nervous system. During the period of invasion 
there is a syndrome of fever and eosinophilia. A fatal human case of 
F. gigantica infection, due to obstruction of biliary ducts, was reported 
in Hawaii. 

Eggs of Fasciola develop after leaving the host and hatch in about 
2 weeks. The miracidia develop in snails of the genus Lymnaea (Fig. 
61) or closely related genera ( Stagnicola, Fossaria, Galba, Pseudo- 
succinca) and go through a sporocyst and two redia stages before the 
cercariae are produced. The latter leave the snail in 5 to 6 weeks or 
more and encyst on water vegetation, where they remain until eaten 
b> the final host. The cercariae arc not infective until about 12 hours 
iencysting. The cysts withstand short periods of drying. The 
young (Ink's normally reach the liver by burrowing through into the 
i if a! ivitj md entering from the surface, but occasionally they 
ire: lation and may be distributed to abnormal locations. 
• l ' :( ! 1 <v k'lmacluT 1939), they bore into the liver parenchyma 

c; a. ! v j.\ti day alter infection but do not enter the bile 
seventh «»r eighth week. The worms live mainly 
r in about 3 months and lasts for 
per?mentally infected sheep passed eggs for 11 
•i;iH th • biu passages inhabited by the flukes become very 
h calcified walls, and normal liver function is 
seriously interfc red with. 

Ols‘it in 13 confirmed the usefulness of hexachloroethane for treat¬ 
ment of cattle; he administered it in a drench with bentonite and water; 
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at the rate of 10 grams of the drug per 100 lb. of weight he got 90% 
cures with no ill effects. Kouri recommends emetm as a specfic tr 

"Tn theTar East Fasciola has been considered the cause in man of 

z.t 

iSX U a* w». 

resembling I'asciohpsis. 

Dicrocoeliidae , 

lt .. „.,ii D ii flukes with the testes in front ox the 

The Dicrocoehidaearesmall flat flukes, wnn^y ^ ^ ^ am) 

ovary and the uterus tool < • - f| K . adult worms live, 

——- f *** 

iver paras, e of. • Asia . Human cases are not infrequent, 

but particularly in Lur i feces is 110 t due to infec- 

- infected animals. The effects are 

similar , those in a cow from 

ThiS rrYork C in l‘J41; within 10 years it had become an 
upper Nc hcep aI „l cattle in that area, and had estab- 

1TV7 lHn woodchucks (marmots), deer, and cottontail rabbits as 
hshed itself |e was wor ked out by Krull and Mapes 

nqT'lW -md found to involve a small land snail. Cionclla lain,a, 

p-fV c i in whieh the long-tailed cercariae (C. vUrina) are contmu- 

u g ‘iJ 2 , nrmluccd from germ masses in the daughter sporoc>sts. 
ally being P n uc * Irab ^ q{ ^ ^ hmulrot | s of 

~ " * .. 




iticum. n. Eunjlrciiui pancrcatlcum (nbbrcvi- 
’</ fuhhca, first intermediate host of D. dendrltl - 
1 ’ I • mica fusca, second intermediate host of 
cirrus; c.p., cirrus pouch; CS., esophagus; ex.b., 
■' rt excretory pore; g.p., genital pore; 

mcf • metratenn; p/i., phary nx; pr.g., prostate 
•rv; sl\. seminal vesicle; f., testis; irf., uterus; 

*'*vitelline duct; vit.g., vitelline glands; 
»ptc«l from Mapes; D from Krull and Mapes, 
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from the voluminous glands that fill the body of the cercariae. and 
hardened on the surface to form a sort of community cyst (Fig. 72D). 
These slime balls are dropped by the snail in its wanderings and are 
regarded by ants (Formica fusca) (Fig. 72E) as choice food items 
which they carry to their nests. Metacercariae develop in the ants and 
these, when eaten with vegetation, infect the definitive hosts, but the 
latter could not be infected by feeding them either snails or slime balls 
contrary to results reported previously in Europe. Work by Vogel 
and Falcao in 1954 in Germany confirmed the necessary role of ants as 
second intermediate hosts. The adult flukes, which are 5 to 15 nun. 
long and only 1.5 to 2.5 nun. broad, live in the bile ducts, which 
Krull (1958) said they reach directly from the intestine. . Krull and 
Manes found up to 50,000 flukes in the liver of old sheep. 

Euryuel loncreaticun .. This fluke (Fig. 72/1) lives in the 
pancreatic ducts of pigs and in the biliary ducts of cattle, water buf¬ 
faloes. and camels in China. Its thicker body and large oral sucker 
suffice to distinguish it from Dicrococlium. A few human cases have 
been recorded from South China. This worm also develops in land 
snails Tang (1950) showed that the mother sporocysts continually 
reproduce daughter sporocysts. but each of these produces only a few 
almost tailless cercariae. which all mature together and remain, as n 
a sac in the thick-walled sporocysts, which are. eventually shed by 
the snail. An intermediate host is probably needed. The known or 
suspected intermediate hosts of the few dicrococlnds thus far worked 
out include ants, beetles, isopods, and lizards, but lizards are more 

likely to be transport hosts. 

Opisthorchiidae 

The flat, elongate, semitransparent flukes of this family occur in 
fish-eating animals, particularly in Europe and As,a. but one species. 
Me,arch,s conjunct us, is very common in Canada, and Am„h,merus 
pseudofelineus occurs in cats in the United States. The general ar¬ 
rangement of the organs can be seen from Figs. 73 and ,4. The eggs 
of these flukes arc very small and contain miracd.a when laid but the 
miracidia do not ordinarily hatch until eaten by a suitable snail The 
cercariae have long fluted tails and no stylets; they encyst in fresh¬ 
water fishes, and reach their final hosts when the fish arc eaten. 

Clonorchis sinensis. This, the most important human parasite in 
the family, is widely distributed in the Far East from Korea and Japan 
through China to Indo-China and India. It is common in cats and 
dogs throughout its range, but human infection is limited to localities 
where raw fish is esteemed as food. Heavy human infections are com- 
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mon in local areas in Japan, in the vicinity of Canton and Swatow in 
China, and in the Red River delta in Indo-China. Stoll (1947) esti¬ 
mated about 19,000,000 human cases in all. 

The adult flukes vary from 10 to 25 mm. in length and are 3 to 5 
mm. wide, with an arrangement of organs as shown in Fig. 73D. The 
deeply branched testes distinguish this genus from the related Opis- 



Ficj. T3. C 'rm.’ichii sinensis: .V corcaria: B. snail host, Parafossarulus man- 
chourlcm; ( . .l’k containing imracidnuo | side view); />. adult; c.g., cystogcnous 
glands; r.s.. eye .jxt: ex.b., excretory bladder; cx.p., excretory pore; g.a., genital 
anlagc; p.?.. penetration glands; other abbreviations as in Fig. 56. (A, after 

Koneva and Tajimi. J. Shanghai Sci. Inst., February, 1910. B and C adapted from 
Fau;t and khaw, Am. J. 7/»/g. Monogr . Sir.. H. 1927.) 


f, ' rc cf ‘ v * ,n which the testes are round or lobed. The adults live both 
, * K ' biliary ducts of the liver and also in the larger bile ducts 

leading to tin* gall bladder, often in hundreds or even thousands. 

1 111 ' V(:LE - I he small yellow-brown eggs average 27 by 16 /t in 
s,ze * tin- operculum fitting into a thickened rim of the shell like the lid 
on a sugar bowl (Fig. 73C). The miracidia hatch when eaten by 
small, conical, operculate snails of the subfamily Buliminae (formerly 
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Bythiniinae) which belong to the family Hydrobiidae (see p. 270). 
The most important species are Parafossarulus manchouricvs (-P. sin- 
at ulus) (Fig. 73 B) and Bulimus fuchsianus. One of the Thiaridae 
(see p. 270), Hua ningpoensis, is also an important snail host. 

The miracidia develop into rounded sporocysts which produce 
rediae. The rediae give birth to cercariae (Fig. 73.4) characterized 





Flo 74 A Oplsthorchts fclineus, x 5; B, Amphimcrus pscmlofclincus x 5; 
C Metorchh conjunct X 20; abbreviations as in Fig. 56 on p. 259. <«. adapted 

from Barker.) 

bv a long tail with a long dorsal and shorter ventral fins, finely spined 
cuticle 7 pairs of penetration glands, 14 cystogcnous glands eye spots 
and masses of brownish pigment. The cercariae encyst in the flesh of 
fresh water fishes and develop into metacercanae which lose the eye 
soots and have the saclike excretory bladder filled with coarse, retrac¬ 
tile granules. The cysts are oval with thin walls, and average 138 

^Numerous species of fresh-water fish, most of them of the minnow 
and carp family (Cyprinidae), sene as second intermediate hosts. 
According to Hsu the metacercariae normally encyst in the flesh and 
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only exceptionally under the scales or in the gills. When infected fish 
are eaten raw the metacercariae are liberated and enter the bile duct 
within a few hours after being eaten. 

Migration to the liver via the bile duct is probably not the only 
route, since Wykoff and Lepes (1957) showed that, if the bile ducts of 
rabbits are tied off, some worms still make their way to the liver. It 
takes about 3 weeks for the flukes to reach maturity and to begin shed¬ 
ding eggs. 

epidemiology. Observations by Faust and Khaw in infected local¬ 
ities show how Clonorchis infections thrive. In the mulberry-growing 
areas near Canton, latrines are placed over fish ponds, feces falling 
directly into the water or onto night-soil rafts. Suitable snails occur 
in the ponds and feed on the fecal material, the fish are later attacked 
by the cercariae, and the people become infected when they eat the 
raw fish sliced with radishes or turnips and highly seasoned. The fish 
are often not eaten entirely raw, but are laid on top of a dish of steam¬ 
ing rice where they are heated sufficiently to remove the raw taste, but 
not enough to kill cysts in the interior of the flesh. Others merely dip 
the fish into hot congee" with similar results. The cysts are unaffected 
by vinegar or sauces. 

Clonorchis infections have been found in Orientals in all parts of the 
world, but two factors are necessary for it to become eiulemically estab¬ 
lished: (1) the presence of a suitable snail to serve as an intermediate 
host, and (2) the habit of eating raw fish. No suitable snail hosts are 
known to occur in the United States, and. even if they did, the failure 
of Americans to appreciate the gastronomic virtues of raw fish would 
prevent spread of Clonorchis as a human parasite beyond a few colo¬ 
nies of Orientals. Bulinws tcntacnlatus has been considered a poten¬ 
tial intermediate host in northern United States, since a member of 
this genus, B. fuchsianus, serves as a host in the Orient. However, 
W ykofi was unable to infect B. tcntacnlatus under laboratory condi¬ 
tions. 

iin: niSKvSF and its treatment and prevention. The flukes injure 
il>< epithelium of the biliary ducts, and if numerous they may seriously 
< iolt them. Flu* walls of the ducts become thickened, and neighbor¬ 
ing portions o! the liver tissue max be involved, in severe cases leading 
to a general cirrhosis. Light infections may show no symptoms at all; 
more severe infections are accompanied by diarrhea, often with blood, 
edema, enlarged liver, and abdominal discomfort. 

Treatment is uncertain. Some workers have obtained good results 
with injections ol antimony compounds, but complete cures are not 
usually obtained. Faust and Khaxv found that complete cures could be 
effected in early cases by gentian violet and related dyes given in the 
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form of coated pills, and that even in cases of long standing a propor¬ 
tion of the worms could be reached by a sufficient concentration of the 
dye to kill them. Recently a fairly high degree of success has been 
obtained in treatment of clonorchiasis with Chloroqu.ne, g.vmg O.o 
gram daily for several weeks. Success with 
similar treatment of Opisthorcliis viverrini in¬ 
fections has been reported. 

Prevention would be possible by storing 
night soil undiluted or adding 10 '/< of am¬ 
monium sulfate to kill the eggs before snails 
got access to them. Susceptibility of the fish 
to copper sulfate prohibits its use for snail 
destruction. The best preventive measure 
is to prohibit the sale of raw fish in public 
eating places and to educate people to the 
dangers of eating raw fish. However it is 
never easy to suppress well-established tastes 
in food, and, besides, the cost of fuel for 
cooking is in some places a real economic 

^Opisthorchi , , PP . The genus Opistor¬ 
chis differing from Clonorclns in having 
round or lobed testes (Fig. 74 A ). contains 
several species of flukes that are parasitic in 
cats and dogs and related animals, and some¬ 
times in man. One very widespread and 
common species is O. felineus, found from 
central and eastern Europe to Japan; in some 
parts of its range it is a common human 
parasite. It is endemic in human populations 

* .he £ JJ s D f mm. long „nd 2 .o 2 - 

Tit: ( - Bythinia ,ca<* 0 

Sg 750 and the principal fish host the tend. The eggs 0^ 

ss « f 

by l and grow^nto slender sporocysts, which produce numerous rcdiae 
5,13 "t^Tof several months; these in turn produce the cercariae 
„ ver a period of sc in an undeveloped state and finish 

Si d^mom .1 —«“"V * — »" 


Fig. 75. Opisthorcliis fcli- 
neus: A, cercaria hanging 
in characteristic "pipe 
stem” manner, x 200; B, 
body of cercaria, x320; 
C, egg containing miracid- 
ium. x 1000; D, snail host. 
Bulimus tcntaculatus ( - 
Bythinia Icachi ), x3Vfc. 
(Adapted from Vogel, Z<>- 
ologica, 33, 1034.) 
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preferences, the cercariae burrow into the tissues and secrete a cyst 
wall within 24 hours, but it appears to require about 6 weeks of ripen¬ 
ing before the metacercariae are infective. During this time they grow 
to three or four times their original size. Ripe cysts measure about 
300 by 200 /*, with a cyst wall about 20 /x thick. As with other mem¬ 
bers of the family, the liberated metacercariae reach the liver via the 
bile duct. 

Other species, O. viverrini in southeastern Asia, O. noverca in India, 
and O. guayaquilcnsis in Ecuador, have similar habits and have also 
been recorded from man. O. viverrini is very common in parts of 
Thailand, where it is estimated that 1,500,000 people are infected. 

Other Opisthorchiidae. The genus Amphimertis , distinguished 
from Opisthorchis by having a postovarian division of the yolk glands, 
contains a species, A. pseudofclineus (Fig. 74B), found in cats and 
coyotes in central United States. The genus Metorchis contains flukes 
that are shorter and broader than Opisthorchis , with a rosette-shaped 
uterus (Fig. 74C). Cameron (1939, 1944) reported the common oc¬ 
currence of A/, conjunct us over a wide area in Canada east of the 
Rockies. It is a small fluke, 1 to 6.6 mm. long, found naturally in dogs, 
foxes, cats, mink, and raccoons, and occasionally in man, and is injuri¬ 
ous to fur-bearing animals. The snail host is Amnicola limosa porata , 
and the metacercariae encyst in the flesh of the common sucker, Cato- 
stomus commcrsonii, sometimes in great numbers. 

The pathogenic effects, treatment, and epidemiology of these infec¬ 
tions do not differ in any way, so far as known, from those of Clonor - 
chis (see pp. 312-313). 


Intestinal Flukes 


1 'hc great majority of flukes inhabit the intestine of their hosts, yet 
there arc no flukes that can be considered primarily parasites of the 
human intestine. A few species are very commonly found in man in 
vmu- localities, though primarily parasitic in other animals, but the 
majority that hav been reported from man are rather rare or acci- 
lc:i! i»'Iactions. On account of the omnivorous and variable food 

1:1 being !.< is subject to a w ide range of such acci- 
dci.i d ] ara sites. including species properly belonging to both carniv¬ 
orous and herbivoious hosts; probably no animal except the pig can 
compete with man in tins respect. 


» s l ,a ‘l consider the following groups or species of intestinal flukes: 
11,) amphistomes (tamdies Oastrodiscidae and Paramphistomatidae), 
normally parasitic in herbivores; (2) I'asciolopsis (family Fasciolidae), 
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normally in pigs; (3) Heterophvidae, normally in fish-eating birds and 

mammals; (4) echinostomes (family Echinosto.nat.dae ) commonly 

parasitic in aquatic birds and mammals; and (5) a few other families 
which contain important intestinal parasites of lower animals and 
sometimes rarely of man-the Strige.dae, Cl.nostomat.dae, Troglo- 
trematidae, and Plagiorchiidae. 


Amphistomes 

Long considered a distinct suborder, Amphistomata, this group of 
flukes is characterized by having the ventral sucker near the posterior 
end A few are found in cold-blooded vertebrates and birds but most 
of them live in the rumen or intestine of herbivorous mammals, literally 
carpeting considerable areas. Most of those in mammals belong to the 
families Castrodiscidae, which have a large ventra disc (Ff, <M). 
and Paramphistomatidae (Fig. 76C and D), which are superfic.ally 
maggot-like in appearance. 



Fig. 76 

dorsal 

ventral 

1910.) 


Amphistoine flukes: A and B, 

views; C, Paratnphistomum ccrci. 
view, about 


x4. (D after Stiles 



Cast rodhcoulcs hominis, ventral and 
ventral view; />, Watsonius watsoni, 
and Coldljerger, Hug- Lab. Bull., 00, 


Castro,lUcoide, hominU. This member of the Castrod.sc.dac is 
the only amphistome found at all frequently in man; it .s a common 
arasite of pigs in India. Buckley (1939) found .t m over 40% of 
9 2 1 people examined in three villages in Assam, where it is probabb 
widely disseminated. By means of soap-water enemas he obtained 
nearly 1000 worms from an 8-year-old boy. Although .t » present 
50% of pigs in some places in Bengal and Assam, p.gs were rare in 
the locality visited by Buckley anti c-ouhl hardly have served as 
reservoir Human infections have also been reported from Anna. .. 

The worm inhabits the cecum and large intestine of "sbosL where 
it causes some inflammation and diarrhea. The adults (Fig. 76A am 
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B), 5 to 7 mm. in length when preserved, have an orange-red appear¬ 
ance when living, caused by a fine network of bright red capillarylike 
lymphatics in the cuticle, against a flesh-colored background. The 
body is divided into two parts—a very active, slender, conical or finger¬ 
like anterior portion which has the genital pore on its ventral side, and 
an almost hemispherical posterior portion, scooped out ventrally in a 
disc-like manner, with a sucker near its posterior border and a notch 
at the posterior end. Several closely related species in the genus Gas- 
trodiscus occur in the intestines of horses and pigs in Africa. 





Fig. 77. Amphistomes. A, Watsonius watsoni , x 6, showing internal anatomy; 
suct.p., suctorial pouch; other abbreviations as in Fig. 56. B, Cotjloiihoron cotij- 
lophonnn, side view; C, same, ccrearia (excretory ducts with granules, eye spots 
lateral to esophagus). (A, after Stiles and Goldbcrger, HyR. Bull., 60, 1910. 
li, after Fischocdcr from Travassos, I9>4. C, from Bennett, III. Biol. Mon., 
14, 1936.) 


The eggs (Fig. 5.5) are very large, as are those of other amphistomes, 
and rather rhoinhoidal in shape, tapering rapidly towards each end. 
The miracidia develop after the eggs have escaped from their host, but 
nothing is known of the life cycle beyond this point. By analogy with 
other amphistomes, there is little doubt that the cercariae encyst on 
water vegetation, and that the life cycle is essentially similar to that 
of the Fasciolidae. Gust rod iscoidcs is not easily removed by anthel¬ 
mintics but sometimes responds to soap-water enemas. 

M atsonius uotsoni. This fluke (Fig. 77A), the only other amphi- 
stome thus far found in man, has been recorded but once, from the 
small intestine of an emaciated Negro who died from severe dysentery 
in Nigeria; its normal hosts appear to be monkeys, in which the para- 




The Trematodes or Flukes III. Other Trematodes 317 

site has been found in Africa, Malaya, and Japan. The worm when 
living is reddish yellow; it is a thick, pear-shaped animal, about 8 to 
10 mm long, slightly concave ventrallv, with a translucent gelatinous 
appearance. It belongs to the family Paramphistomatidae, winch con¬ 
tains many species parasitic in the rumen of ruminants. Paramphisto- 
mum cervi is widespread in the Old World, but CoLjlophoroncoty- 
tophorum (Fig. 77B.C) is the common species in southern United 
States Its life cycle was found by Bennett (1936) to be very similar 
to that of Fasciola. Light ampl.istome infections are practically harm¬ 
less, but in heavy infections cattle develop diarrhea, lose weight, and 
fall off in milk production. 

Fasciolopsis buski 

Another parasite which man shares with pigs is Fasciolopsis buski 
a member of the family Fasciolidae (see p. 274). This is a large Hat 
fluke (Fig. 78/C), creamy pink in color, which reaches a length of - to 
7 5 cm When preserved it contracts and thickens, but fresh, relaxed 
specimens are rather thin and flabby. In general arrangement of or¬ 
gans it resembles Fasciola, but it has no thickened cone at the anterior 
end and has unbranched intestinal ceca. It is widely distributed in 
pigs in southeast Asia from central China to Bengal and ■nmany o he 
East Indian Islands. Stoll (1947) estimated a total of 10 million 
human infections, most of them in China, though there are a fe 
endemic localities in Assam and Bengal. In some villages near Shaoli- 
sL China, according to Barlow. 100% of the people examined were 
ound to be infected. The eggs (Fig. 78A) are large and very variable 
in si/c but average about 138 by 83 h . The mirac.d,a require several 
weeks to develop after they are passed by the host. The intermediate 
hosts are members of the family Planorbidae, principally’ 1, fla 1> 

coiled, aquatic snails, Segmentina Iwnusphacrula (Fig. 781) and Hip- 

' K 'h, the'snails the miracidia change into sporocysts, which are peculiar 
in possessing a saclike gut like a redia, but no pharynx. Two genera¬ 
tions of redfae are produced, the second generation of which produce 
large heavy-tailed cercariae (Fig. 78C), measuring, with the tail 
nearly 0.7 mm. in length. These begin leaving the snail after abou 
.. month The free-swimming life is brief, occupying only time enough 
for the cercaria to get to the plant on which the snail is feeding. In 
1 to 3 hours the cercaria has lost its tail and has encysted The cysts 
are" pearly white and about 200 e in diameter. The whole develop¬ 
ment from infection of snails to encystment takes 5 to 7 weeks. 



8 



IMoiIt! iff liiiiiuni infection. In China, human infection has been 
tr aced nuainh to the eating of the nuts of a water plant known as the 
red caltrop or red line' ( ira/ta nutans) (Fig. 78//), on the pods of 
which the cercariac encyst. These plants are extensively cultivated in 
ponds in the endemic areas and are fertilized by fresh night soil thrown 
into tin water. The little snails abound in these warm stagnant pools; 
the plants are fairly alive with snails creeping over their steins and 


Fig. 78. Stages in life cycle of Fiuciolojisis A, egg as passed in feces, 

showing yolk halls; H. egg coni lining developed iniracidimn, with “mucoid ping 
at anterior end and oil globules at one side; C, iniracidimn, showing eye spots; 
/), spurn* y>t containing developing mother icdiac: E, mother redia containing 
developing daughter rcdiac; F, daughter redia containing developing cercariae; 
(2, t'-r» m..; // Chinese caltrop or water ling ( Trapu nutans) with snails at points 
marled “V; /, cm\slcd met ae« rear ia; /, Segment i mi hcmisphacrula, intermediate 
host K d.«lt lluke. A-P. \ MO; E. x 50; F, x40; C and /. x"0; //, X V&\ 
/ l*'» f - 2. (A-/ sketched from u s l>\ Barlow, Am. J. ifyg. Mowgf* 

S'r., I, 192 ». K from Brown, Synopsis of Mi dual Parasitology, 1953.) (Abbre¬ 
viations as in lug. 56, p. 2-59.) 
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leaves. The nuts are eaten both fresh and dried. When fresh they are 
kept moist and are peeled with the teeth, during which process the 
cvsts gain access to the mouth and are swallowed. Barlow examined 
nuts from typical ponds, and found a few to over 200 cysts on each 
nut The senior writer (192S) traced some cases of infection in east¬ 
ern Bengal to the eating of a water nut. T. bicornis, closely related to 
the Chinese nut; there is another focus of infection in India m northern 
Bihar. Another plant carrying infection is the so-called water chest¬ 
nut Eliocharis tubcrosa, which has tubers like gladiolus bulbs. 

Pathology. Fasciolopsis buski usually lives in the small intestine 
where it causes local inflammation, with bleeding and formation of 
ulcers. Symptoms develop about '5 months after infection. There is 
first a period of latency during which there is some asthenia and mild 
anemia. This is followed by diarrhea, a marked anemia and usually 
some abdominal pain. The combination of chronic diarrhea and 
anemia, together with a distended abdomen, edema of the legs and 
face and stunted development, is characteristic of a long-standing in¬ 
fection. In heavy infections the continued diarrhea and edema lead 
to severe prostration and sometimes death. 

According to Barlow. F. huski is easily got rid of by a number of 
different drugs, among which he includes oil of chenopod.um, beta- 
naphthol. thymol, and carbon tetrachloride, but some o '>cse d^ s 
would be too toxic for many persons weakened by this infection. 
Ilexylrcsorcinol crystoids given as for A scans infections (see p. 456) 
give excellent results. Probably tetraehloroethylene, given as for hook- 
worm infections, would also be effective. 

Prevention consists in educating the people of endemic areas to the 
danger of eating fresh-water ling, water chestnuts, or other water vegc- 
t ibles unless they are cooked or at least dipped ... boiling water. 
Sterilization of night soil would also be effective, but that presents a 
vastly more difficult problem. 

Heterophyidae 

The flukes of this family are extremely small, sometimes only 0.5 mm. 
in length, and egg-shaped; they are normally parasitic in fish-eating 
mim .Is They have the cuticle covered with minute scale-like spines. 
The genital pore opens into a retractile suckerlike structure which 
i, either incorporated in the ventral sucker or lies to one side ol it; 
Witenberg called this structure a “gonotyl.” The arrangement of 
organs can be seen from Figs. 79 and SO. The life cycle is practically 
the same as that of the Opisthorchiidae, and a closely related group ot 
snails serve as intermediate hosts. 
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The eggs (Fig. 79 B) are very small, being in most species about 20 
to 35 p in length by 10 to 20 p in diameter. They resemble the eggs 
of ClonorchiSy and contain developed miracidia. Hatching occurs 
when the eggs are eaten by the proper species of snails. As far as 
known these are species of Thiaridae (see p. 270) in the Far East, 
but in the Middle East Pirenella (family Potamididae) is the host of 
Heterophyes heterophyes and other heterophyids. In the snails two 
generations of rcdiae are produced. 



Fig. 79. Heterophyes heterophyes. A. adult fluke, x 40; gtl., gonotyl; sp. t spines 
of gonotyl; other abbreviations as in Fig. 50. /J, egg, x900. C, mctncercaria 

encysted in muscles of mullet, y 00 . /). mctaccrcaria freed from cyst, x50. 

( D. after Nishigori, Tuition luok. 1927. C and D. after NVitenberg, Ann. 

Trop. Med. Parnsitoi, 23, 1929.) 


The cercnriac have eye spots and large tails with fluted lateral fins; 
they a*c strikingly like those of the Opisthorchiidae but have a special 
arrangement of spines around the mouth. After leaving the snail host 
the cccr.rioc u: ually encyst in fishes, mullets being especially favored, 
out one species h is been found to encyst in frogs as well. Develop¬ 
ment in llic final host is very rapid, maturity being reached in 7 to 10 
days. 

Host parasite rein lions. Numerous species of Heterophyidae have 
been described. They all seem remarkably versatile with respect to 
the hosts in which they can mature, but their behavior in abnormal 
hosts suggests Jh.it they feel uncomfortably out of place—in the right 
pew but :n the wrong church, ns it were. Faust and Nishigori (1926) 
found that certain heterophyids of night herons, when experimentally 
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fed to mammals, gradually shifted their position farther and farther 
back in the gut until finally expelled. Another and more important 
reaction was observed by Africa, Garcia, and de Leon in 1935 They 
noted the tendency of various species in the Philippines, when in¬ 
fecting dogs and man, to become buried deep in the mucous mem- 
branes. The eggs, instead of escaping normally in the feces, are 
taken up by the lymphatics or blood vessels and distributed over the 
body. Often the worms die imprisoned in the tissues. In an Ameri¬ 
can species, Cryplocotyle lingua, studied by Stnnkard (1941), no 
actual invasion of the tissues was noted, although there was much 

tissue damage, especially in abnormal hosts. 

I„j«i «o hear, and other viscera. Africa e, al. (1940) showed 
that eggs of ' foreign" species of Heterophyidac distributed over lie 
body may cause serious injury. The most frequent damage is in the 
heart, where the eggs are deposited in large numbers. A dropsical 
condition and acute dilatation of the heart may result producing symp¬ 
toms similar to cardiac beri-beri and often fatal. The eggs were a o 
found in the brain and spinal cord, where they are associated with 

grave nervous symptoms. 

The species of Heterophyidae causing these conditions belong to a 
number of different genera, including Uctcrophyes, Haplorch.s (Fig 
80 left) and Diorcliilrema. llaplorchis yokogawai, measuring about 
0 7 by 0.28 mm., is the species most frequently causing trouble in man 
in the Philippines. This species is reported as a common parasite of 
cats and dogs and occasionally of man. It is possible that the smaller 
species of Heterophyidae are the most likely to invade the mucosa 

NORMAL INTESTINAL HETEBOPI1Y1DS OF MAN. Two species. A Ida 

aonimtis yokogawai and Helcrophyes Uctcrophyes, may be regarded as 
normal parasites of man and other mammals, since they appear to lead 
"" orthodox life in the lumen of the intestine and are very common 

human parasites in certain localities. £ , , 

A/ yokogawai (Fig. 80, right) is a common parasite of dogs and 

cats in Japan. Korea, China, Palestine, and the Balkans. Human infec¬ 
tion is frequent in Japan and in eastern Siberia Like other members 
of the family, this tiny fluke is not very particular about its final hos . 
for it infects not only carnivores, pigs, and man, but also pelicans and, 

CX TI ,T' ado It'' worm s'" 1 i ve in the duodenum, sometimes by thousands- 
Thev «re only 1 to 2.5 mm. in length and about 0.5 mm. broad. A 
characteristic feature is the displacement of the ventral sucker to the 
i ht side of the body, with the genital opening in a pit at the anterior 
border'of it. The eggs are about 28 to 30 , by 16 to 17 The snail 
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intermediate hosts are species of Thiaridae (see p. 270). The 
cercariae attack fresh-water fishes, particularly a species of trout, 
Plecoglossus allivelis, and infection of the final host occurs when the 
uncooked fish are eaten. The cysts are discoidal and found principally 
in pockets under the scales. 

H. hcterophyes (Fig. 79 A) is also a very small fluke; relaxed speci¬ 
mens in dogs measure up to 2.7 mm. by 0.9 mm., but in cats they are 


*• 


Fig. 80. A, a species of / luplorchis, about x 100; gtl., gonotyl; other abbrevi¬ 
ations as in big. 50. (After Africa and Garcia, Philip. J. Scl., 53, 1935.) B, Met- 
agonimti' yokogawai. (Adapted from Monnig. Veterinary Helminthology and 
Entomology. Williams and Wilkins, 1919.) 

only about 1.3 by 0.3 mm. They have the ventral sucker on the 
median line, with a separate spiny genital sucker to the right of it. 
These flukes are common in cats. dogs, and allied animals in Egypt, 
Pali stine, Yemen, India, and the Far East. In 1956 Wells and Randall 
found adult worms in kites, domestic cats and dogs. \v ild cats, foxes, 
jackals, and house rats in Egypt. Human infections are common both 
in the Far East and in Egypt and Palestine. 

Khali! in 1933 lound i (ommon marine and brackish water opcrcu- 
laied snail. Pirrnella conica. to he the snail host in Egypt. The cer- 
carhc encyst under the stales and in the flesh of mullets, especially 
Mii'il rp'ic.hr* in one mullet horn the fish market in Jerusalem, 
Wiler.herg found, ov er 1000 cysts per gram of flesh. Wells and Randall 
recently reported m* tncerc.u iae of II. hcterophyes in all of 7 species 
of fishes living in brackish lakes in Egypt. Tlu round cysts (Fig. 79C) 
lie in spindle-shaped masses of fat globules and measure 0.13 to 
0.26 mm. in liameter. The mctacercariae, lying folded inside, have 
the anterior part ol the body flattened. 
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Pathology. In infections with the normal human species the symp¬ 
toms are usually negligible, though in heavy infections there may be 

mild digestive disturbances and diarrhea. 

Like other intestinal flukes, these species are susceptible to the 
croup of anthelmintics used for nematodes, but their small size and 
ability to hide away between the villi make treatment unsatisfactory 
unless the intestine is thoroughly cleaned of contents and mucus 
beforehand. Prevention consists in eschewing raw infected hsh. 

Nanophyetus salmincola 

These small flukes (Fig. 81). 1 mm. or less in length, belong to the 
same family as Porn-onimus, Troglotrematidac. They are common 
parasites of fish-eating mammals in northwestern United States. 




SI. Nanoph.jet . . A. lateral view: B. 'g 0 *' 

as in Fig. 50. (Adapted from WifnUrg. I. Parasilol.. 18. 1J1-) 

metacercariae encysting in salmon. The snail host in Oregon accord- 

i - Snli" 

Dogs and foxes are the best definitive hosts. Human 

infection has been reported from eastern Siberia. 

This nirasitc is of particular interest because it is associated with 
a iTiLl.ly fatal disease of dogs called “salmon poisoning. Simms et al. 
/1930 showed that the disease was caused by an infectious organism 
transmitted by the metacercariae of Nanophyetus sohnnuoh, when 
eaten with the flesh of salmon. It was at first thought to be a s n us 
but was later shown to be a rickcttsialikc organism Neonckcllsul 
helmintheca (see p. 217). After an incubation period of a week «n 
more there are loss of appetite, fever and sensory depression, oil m 
bv edema, violent vomiting, and dysentery. If diagnosed within 
3 ^ 1 iours of onset. 2 to 6 mg. of apomorphine by mouth is protects c. 
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Animals that recover become immune. As yet this disease has not 
been observed in man. 

Echlnostomes 

The family Echinostomatidae includes numerous species of flukes 
parasitic in many kinds of vertebrates, particularly aquatic birds. Most 
species are characterized by a spiny body and a collar of spines near 
the anterior end. Most of them, like the Heterophyidae, are remark¬ 
ably promiscuous as to their final hosts, and many are not very par¬ 
ticular about their snail hosts cither. 

The eggs are large, usually over 100 /» long, and contain partly 
developed embryos when laid; the miracidia have a median eye spot 
and develop in water. In their snail hosts, usually planorbids, 
Johnston in 1920 believed the miracidia to develop directly into 
rediae, omitting the sporocyst stage, but actually, at least in some 
species, a single mother redia develops in the miracidium and gives 
rise to daughter rediae. The ccrcariae (Figs. 607), 82.A 2 ) have well- 
developed tails and usually bear a collar of spines similar to that of 
the adults. Some species encyst directly in their snail hosts, some¬ 
times in the body of their parent redia; others leave the snail that 
spawned them and encyst in other snails or in bivalves, insects, frogs, 
fishes, or on vegetation. The inetacercarial cysts are oval or round, 
and only about 70 to 150 { i in diameter (Fig. 82.A 3 ); the contained 
metacercariac are folded and show two branches of the excretory 
bladder filled with coarse granules; the collar of spines can be 
seen on careful examination. 

A number ol species ot cc hi nos tomes have been recorded from man, 
but most are rare and purely accidental parasites. 

E’;binns 1 owe ilocantim is common in the Uocanos of the Philippines 
and was found by Sandground in Java. It is 2.5 to 10 mm. long and 
0.5 to ' mm broad, with 51 collar spines. It is primarily a parasite of 
field r ats, but Chen in 193-1 found it common in dogs in Canton. The 
thi p if ter lea^ ing the small planorbid snail, Gijrau- 

ius prn.i'tQil;, commonly encyst in a large operculated snail, Vila 
iuzomcr, which the llocanos enjoy eating raw. 

ilnyamtm a broader fluke 5 to 10 mm. by 2 to 3.5 mm.) with 
*13 cc'dar spines, another Far Eastern species, is common in certain 
tribes who live on the Sino-Tibetan frontier and has also been reported 
from Malaya and Sumatra. 

!»* central Celebes. Sandground and Bonne (1940) found a high 
incidence oi infection with another echinostovne, E. Undoense (Fig. 
S2A, A ' ), which is larger (13 to 16 mm. by 2 to 2.5 mm.) with only 
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37 collar spines. This was at first thought to be a primary human 
parasite, but Bonne and Lie later reported it as a parasite of ducks 
and other fowl. Infection results from eating lake mussels in which 
the metacercariae are encysted. 

E. revolutum , a world-wide parasite of ducks and geese, is a sporadic 
human parasite. It is a small species with 37 collar spines. In 
Formosa it is said to affect 3 to 6% of the people, a penalty for 
eating raw fresh-water mussels. Five cases have been reported from 
Mexico and a few from Java. 

Other Echinostomatidae which occasionally crop up in man are: 
Euparyphitim metis (*E. jassyense) (Fig. 82C, C 1 ), with 27 spines 
and a short uterus with few eggs, usually found in carnivores; Echino- 
parypluum recurvatum , with 45 spines, usually in birds; Echinostoma 
macrorcliis and cinctorchis of rats in Japan; Paryphostoimim sufrar- 
tyfex of pigs in India; two species of Echinochasmus (a genus con¬ 
taining species with a collar of less than 20 spines, broken dorsally) 
— E. perfoliatus of dogs and cats in Europe and India and E. japonictis 
(Fig. 82#, B l ) of the same animals in Japan; and Hinuisthla muhlensi , 
probably of a marine bird of the eastern United States coast, which 
is very elongate and has a cirrus pouch extending far behind the 
ventral sucker. 


Strigeids 

The strigeids, belonging to the families Strigeidae, Diplostomatidae, 
and several related families, are characterized by having a special 
'holdfast organ (Fig. 83, />./.) on the ventral side, provided with 
histolytic glands; the body is usually divided more or less distinctly 
into i mobile lore body, and a hind body containing the reproductive 
organs (Fig. 83). They are common parasites of aquatic birds or 
fish- or bog-eating mammals. In life cycle they closely parallel the 
schs:'. :-om* having miracidia with two pairs of ilame cells, daughter 
spo.o .YMs instead of rediae, and forked-tailed cercariae. The cer- 
c ni.u, however, are usually distinguishable from those of schistosomes 
? y :n: .» pharynx and by burrowing into a second intermediate 
ho. h :; i ; •'!>• fish, tadpoles, frogs, or water snakes. The metacercariae 
..re ci'ten very harndul to fish since some species encyst in the lens 
' ‘ chambers ol lhe eve, in the spinal cord, or around the heart; some 
cnevst in the skin or muscles, causing “black spot.” A typical life 
eyelc lias been graphically illustrated by the Hunters (1935). 

■■ ese parasites when numerous may be very injurious in the intes¬ 
tines • ' tiu-ir final hosts. Fortunately, man is rarely parasitized by 
them, but Masr (1941; called attention to human infection with an 
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Egyptian species. Prohemistomum vwax. properly a parasite of kites. 

but also c^remeiy comm... dogs and cats which eat. or are fed 

raw Nile fishes or tadpoles. One man with 2000 specimens complained 

of dysenteric symptoms. 


Plagiorchiidae 

This and a number of closely related families include numerous 

naraxites of various insect-eating vertebrates, especially cold-blooded 
parasit ce rcariae which encyst in arthropods or 

- Since'even a single species. Plngiorchis ,n«ns , will 

d Cr C \< n in such a variety of hosts as pigeons, shorebirds, muskrats, 

S; 1 T„d \. Uhs... «v«.' r *« 

have’ been reported from man in various parts of the world. 

»1v imnortant species in domestic animals are members of 
thJgenus ProJ.ogonimus, which inhabit the oviduct and bursa fabric. 
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of birds. Several species, including P. macrorchis (Fig. 84) in north 
central United States, are important parasites of poultry, causing a 
marked falling off in egg production and sometimes fatal disease. The 



Fig. 84. Prosthngonimm macrorchis, oviduct fluke of poultry. X 18. (After 
Macy, Univ. Minn. Auric. Exp. Sta. Dull., 98. 1934.) 


cercariac of these flukes, after developing in snails ( Amnicola ), encyst 
in dragonfly nymphs or other aquatic insect larvae. Birds become 
infected by eating either nymphs or adults of dragonflies. 
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Chapter 



THE CESTOIDEA OR TAPEWORMS 


General structure. Except in a few primitive species a mature 
tapeworm resembles a whole family of animals, consisting sometimes 
of many hundreds of individuals one behind the other like links of a 
chain (Fig. 85). The most striking feature is the complete lack of 
a digestive tract in all stages of development. Larval forms obviously 
absorb food from the host's tissues through their exposed surfaces, 
but it has usually been assumed that adult tapeworms in the intestine 
subsist by absorbing digested but unassimilated foods from the fluid 
intestinal contents in which they live. It has been shown that this is 
true for carbohydrates (Chandler. 1943; Head, 1959). However, 
most other food essentials arc obtained from the host, presumably 
from the secretions. When many worms are present, the crowding 
forces the worms to compete for food and causes stunting of their 
growth. Tapeworms are dependent on some constituent of yeast in 
the host’s diet (Addis and Chandler, 1914; Beck, 1951) and also on 
the level of sex hormones in the host (Addis, 1946; Beck, 1951). 

In the subclass Ccstodaria no chain of segments is formed, and 
there is only one set of reproductive organs; this is true also of one 
order, Caryophvl'ide i, allied to Pscudophvllidea, but all other tape¬ 
worms consist o! chains oi segments with a “head" or scolex for attach¬ 


ment at one end. Just behind the scolex is a narrow region or “neck” 
wh-eh continually mows and. as it does so, forms partitions, thus 
' *m utils hnsidiug oil new segments. The segments, however, remain 
1 i » cted internally by the musculature and also by nerve trunks and 


{ ' JJ V lubes. As the newly formed segments push back the seg- 
’ . nts previously formed, there is produced a chain of segments called 
* -Mobil i. each segment being known as a proglottid. The proglottids 
ml behind the neck are the youngest; they are at first indistinct and 
w no differentiation of internal organs. As they are pushed farther 
unci fartlici horn the scolex, the organs progressively develop, so that 
it is possible to find in a single tapeworm a complete developmental 
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series of proglottids from infancy to old age. The young undifferen¬ 
tiated segments just behind the neck gradually attain sexual maturity 
in the middle portions of the worm, and then the segments either 
continue to produce and shed eggs throughout the rest of the strobila 
(in Pseudophyllidea) or there follows a gradual decadence of the 
reproductive glands (in Cyclophyllidea) as the segments ‘go to seed” 
and become filled by the pregnant uterus with its hordes of eggs 
(Fig. 85). The whole process can be likened to the development 
of an undifferentiated bud into a perfect flower and then a seed pod. 



Fig. 86. Types of scolcccs of tapeworms. A, order Pseudophyllidea ( Dlbothrio - 
cc phal us lulus); IS order Totraphyllidoa ( VlujIlobotlirUim sp.); C. order Trypano- 
rhyncht (Otoholhriurn %p. ): O, order P-eudophyllidca { Bothrulium sp.); E, order 
Diphyliidca (Echinobothrium sp.); F, order Cyclophyllidea (Taenia solium). 


Anatomy. The scolox of a tapeworm serves primarily as an organ 
et attachment, though it also contains what little brain a tapeworm 
b v . Consul, l.ng the entire subclass Ccstoda, the variety of holdfast 
. ran devcl »|':ed by the scolcx is remarkable (Fig. 86), consisting of 
r like, in cupped, or earlike suckers, and in addition, in some 
specie.:, c.owns of powerful ho. ks or rows of spines on a fleshy 
r piotubcrunc< called a vostcllum, in some forms retractile into 
vu:c. In out order (Trypunorhyncha) there are long, protrusible, 
M iny proboscides retractile into canals in the neck (Fig. S6C). The 
scoieccs ol the tape worms infesting mammals, however, are com- 
p;*i.ilively monotonous in form. 

Tapeworm* ire covered with a cuticle which recent studies with 
the electron microscope have shown to be very complex in structure 
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, - imbedded in a spongy mesodermal 

(Fig. 87). The internal organs ar^ # fcw gang i ia and com- 

parencliyma. Thenenou > longit udinal nerve cords run 

missures in the scolex ( , u . , a[gcst ones being a pair near 

through the length of tl ljn;ltion „f movement is very limited, 
the lateral borders. contract at once, as when dropped into 

although the whole worm • ^ ^ whcn detached, show consid- 

cold water. Individual P b aclive . The excretory system 

erable sensitiveness and ar ^ accor ding to Wardle and 

or, Preferably. 0 * n,0 ^" m ^ n 7 a |i y of fhc same type as in flukes and 
McLeod (1952), is » • of , atcra) longitudinal tubes, the ventral 

consists typically of t I ■ ^ Jorsal and connected by a transverse 
pair usually larger • each proglottid, and sometimes by 

tube near the P<« -*< -<> ^ d J al « csscls carry fluid towards 

1'-Ml ««•» “■ F "» V “ M ' V “”“ 
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extend fine capillaries that end in flame cells. The first-formed 
proglottid has a terminal bladder as in flukes, but this is lost when 
this proglottid is cast off, and subsequently the excretory tubes open 
separately at the end of the last segment still attached. The muscular 
system consists of longitudinal, transverse, and circular layers of fibers, 




Fig. 38. Taenia solium: A, mature proglottid; B, region of ootype; ex.c., excre¬ 
tory tan:.; i n., lateral nerve; Oof., ootype surrounded by Mchlis' glands; oo., 
y* ‘ r - 1 ptadc; i., i *< uf utams; vag., vagina; vit. p vitcllnria. 

V.C., VvS efferens. (After Brown, Synopsis of Medical Parasitology, 1953.) 


some jii..t under the cuticle but mostly in a band which encircles the 
worm a«’ some ch '.incc from rhe cuticle, dividing the parenchyma 
ir.ir. covvicai J iudull; :y portions. In thick, fleshy species these 

c layers well devel ped whereas in the semitransparent forms 

they arc net. 


/ *‘ : >f fluk* . die main business of tapeworms is the production of 

iguard the species against extermination 
; *• : in Iiost to host. Each proglottid possesses 

complete reproductive systems of both sexes, fully as complete as in 

so (Fig. SS), and in some species each 
progiot:id has a double* set of organs. 

The female system consists of an ovary, which may be single or in 
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two more or less distinct lobes; yolk glands, either in a single or 
bilobed mass, or scattered through the segment; Mehlis' glands 
around an ootype, where the component parts of the egg are 
assembled; a vagina for the entrance of the sperms, with an enlarged 
chamber, the seminal receptacle, for storage of sperms; and a uterus, 
which may or may not have an exit pore. In the tapeworms which 
have a pore (order Pseudophyllidea), the development and extrusion 
of eggs goes on continuously in many segments at once, but in the 
Cyclophyllidea there is no uterine opening. In these the uterus 
eventually becomes packed with eggs and may practically fill the 
segment, which is essentially a seed pod. Such "ripe” segments detach 
themselves from the end of the chain, subsequently liberating their 
eggs by disintegration, or by extrusion of the eggs through ruptures 
during the active contractions and expansions of the segments. The 
form of the ripe uterus varies greatly in different families, genera, and 
species, and is often useful in identification (Fig. 89). 

The male system consists of a variable number of scattered testes 
connected by minute tubes with the sperm duct or vas deferens, which 
is usually convoluted and may have an enlargement, the sem.na 
vesicle for storage of sperms. The end of the vas deferens is modified 
into a muscular intromittent organ, the cirrus, which is retractile into a 
cirrus pouch or sac. In most tapeworms both cirrus and vagina open 
into a common cup-shaped genital atrium, with a pore on either the 
lateral border or the mid-ventral surface. Either self-fertilization of 
a single segment or cross-fertilization between different segments of 
the same or other worms can occur, but probably fertilization between 
segments is commonest. As a rule the male reproductive organs 

mature before the female. . . 

Life cycle. The life cycle is not quite so complicated as in flukes 

and does not involve asexual generations, although in some species 
the larval forms multiply by budding. The life cycle of many tape¬ 
worms. especially those of fishes, is still unknown; in fact, «t wo. not 
until the middle of the last century that Kuchenmeister proved that he 
bladderworms in pigs and cattle were in reality the larvae of the 
common large tapeworms of man; previous to that time they were 

classified in a separate order. Cystica. 

The eggs of tapeworms develop within themselves little spherical 

embryos characterized by the presence of three pairs of clawhke 
hooks whence they are known as oncospheres (Fig. 90A and B). 
One or two enclosing membranes inside the egg shell propel- form 
about the developing embryo, the inner one of which is called the 

embryophore. 
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tapeworms. A. Taenia saginata; B, * • 
- n'l.ol. fi\ tliminuta; E, Mesocestoitles vari- 
I )ibolh rioctphal us I at us; II, Raillictina sp. 
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u < . i’v :<i • hyhidca tlu* embryos. called coracidia (Fig. 
v*".‘*.t ! by .. ciliated embryo phore. They have a brief 
. !;U’ mir.icidia, in which they roll about by 
th. n •< ii- *«! )u-h to attract the attention of copepods 
in tiu sc they shed their ciliated covering and 


change into on • « ..i procercoids" (Fig. 94E, F, G), comparable 

with Spoiocy.t i : I ai d incapable of asexual reproduction. The 


six hooks are stil’ ..ivSciit .*i a small caudal appendage, the cercoiner. 
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Further development into a “plerocercoid" (Fig. 96) occurs only when 
the infected copepod is eaten by a fish or other animal. The plerocer- 
coids are solid wormlike larvae with a scolex invaginated at one end. 
When the animal containing them is eaten by the final host, the 
scolex turns right side out and attaches itself to the intestinal vsall. 

and the mature tapeworm develops. 

In the order Cyclophyllidea, on the other hand, the oncosphere 
remains passively in tin- egg. surrounded by the nonc.l.ated embryo- 
phore until eaten by the intermediate host Here it transforms into 
a bladderlike structure, a part of the wall of which differentiates 



1 mm. 


1 mm. 


.. in life cycle of Taenia solium. A. ■ « containing embryo- 

Hg. 90. St.«» - invacinalioii in wall of <lrvcl»pniK cysticorcus. 

Bx: *q 

chard from Brun.pt, Precis lie ,larosilolonie. 1J4J.) 


into one or more scoleces turned inside out (invaginated) (Fig. 90C 
uid D). Sometimes the whole embryo becomes hollow and grows 
‘into a large bladder, into the spacious cavity of which the nla ivcl> 
smill scolex or scoleces are invaginated; such a larva is called . 
Zilcercus or bladderworm if there is only one scolex, and a coenurus 
<fZ 100) if there are a number of them. In one apeworm. 
,, ,h' t i M . bladders add a further method of multiplication 

Wfc. .nd .!« bbdde, 

walls instead of directly producing scoleces. first produce bioo 
cTnsules each of which in tun. produces on its wall a number of 
scoleces whereby one huge larval cyst, called a hydalul, may be the 
mother ’of many thousands of tapeworms ( Figs. 102. 103). Sometimes 
the main portion of the body of the embryo remains solid and P 
very little! whereas one end of it becomes hollowed out into a ■ 
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bladder containing the invaginated scolex (Figs. 105, 106). The 
undeveloped solid portion remains as a caudal appendage. Such a 
larva, called a cysticercoid, is characteristic of those tapeworms which 
use arthropods as intermediate hosts. 

On being eaten by a final host only the scolcces survive; these turn 
right side out (evaginate), attach themselves to the mucous membrane 
of the intestine, and grow each into a mature tapeworm. In one pro¬ 
gressive genus, Hymenolepis , a few species have broken away from 
the traditional intermediate host idea and may complete their develop¬ 
ment in one host; the cysticercoids develop inside the intestinal villi 
and subsequently gain the lumen of the intestine where the mature 
phase is attained. For a long time parasitologists were very skeptical 
of the truth of such unorthodoxy on nature’s part. 

Classification. The classification of the Cestoidea is much more 
satisfactorily worked out than that of the Trematoda. There are two 


subclasses, Cestodaria and Ccstoda. The Cestodaria do not form seg¬ 
ments, having a single set of reproductive organs; the vagina and 
male genital opening arc near the posterior end; and the embryos have 
ten or twelve hooks (Fig. 91 B). This subclass contains two orders. 
The Amphilinidea (Fig. 91C) arc parasitic in the coelom of fishes or 
(in one species) a fresh-water turtle, and use amphipods as first 
intermediate hosts; they are probably neotcnic, i.e., precociously 
mature 1 irvae (plerocercoids) in the second intermediate host, the 
true definitive hosts having been abandoned. The Gyrocotylidea 
(Fig. 91 parasitic in the primitive chimaeroid fishes, appear to 

develop the monogcnetic trematodes, without bothering with an 

intermediate host. The Cestoda, which alone concern us here, pro- 
du-. i n diipl: ated reproductive organs, usually in distinctly demarcated 
i* ■ '• fids, except in one order, Carvophvllidea, which 
in Otlici .n. I | characters resemble* the Pcnurlnnhvlltrlon The 


I characters resembles the Pseudophyllidea. The 
. »i!-developed scolex, genital openings anterior to 
the ovary &..d embryos with only six hooks. 

.oJes i.re an ancient group which probably evolved with 
v ; four of the eleven orders are still confined to 
• is not surprising that there are a number of aberrant forms 
no ■ vrit tvlatives, and which do not fit into any of the 
A irdio and McLeod (1952) recognize eleven orders, 
' ,n -y “ y e c ‘ these contain numerous forms; the others contain 


iodcs 

.j;d 


a few each, one only a single species. The Tetrapliyllidea, 
w : t: numerous and varied forms in elasmobranchs, probably represent 
a sort of central stock from which in the more or less distant past all 
the other orders have evolved; the Trypanorhyncha, with their re- 
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Fig. 91. Ccstodaria. A, Gyrocotylc 
unui, adult; /*. same, newly hatched 
10-hooked larva; C, Amphilina foliaeva; 
tl.p., dorsal pore; 6 op., S Uenital open¬ 
ing; vau.p., vaginal pore; ut.p., uterine 
pore; nl.*., uterine sac; *., sucker; ws., 
rosette; oof., ootype; other abbreviations 
as in Fig. 88. (A and li adapted from 

Lynch, J. Purasitol., 1915. C. after 

Wardh and McLeod. The Zoology of 
Tapeworms, University of Minnesota 
Press. 1953.) 
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markable spiny proboscides, remained in elasmobranchs; the Pseudo- 
phyllidea switched to bony fishes, and some eventually to animals 
feeding on bony fishes; the Proteocephala explored the possibilities 
of parasitizing fresh-water vertebrates from fishes to reptiles, and 
with the advent of birds and mammals onto the scene were probably 
the group from which came the Cyclophyllidea, the dominant group 
in these animals. Following are the principal orders and their 
characters: 

1. Order Tetrapliyllidea. Head with four earlike or lappetlike out¬ 
growths (bothridia) (Fig. 86B); proglottids in various stages of develop¬ 
ment; vitelline glands scattered in two lateral rows or bands; genital pores 
lateral. In elasmobranchs. 

2. Order Trypnnorhynrha. Head with two or four bothridia and four 
long cvertible proboscides armed with hooks or spines, retractile into sheaths 
(Fig. 86C); yolk glands in continuous sleeve-like distribution. In elasmo¬ 
branchs. 

3. Order Pscudophyllideu. Head with two lateral or, rarely, one ter¬ 
minal, sucking grooves (bothria) (Fig. 86.-V and D); majority of proglottids 
in similar stage of development, shedding eggs from a uterine pore; genital 
pores mid-ventral; vitelline glands scattered in dorsal and ventral sheets. 
In telcos!s and land vertebrates. 

4. Order Proteocephala. Head with four in-cupped muscular suckers, 
and sometimes a fifth terminal one; genital pores lateral; vitelline glands in 
lateral bands; uterus with one or more median ventral openings made by 
breaks or clefts in the body wall. In fresh-water fishes, amphibians, and 
reptiles (except one in a shark). 

5. Order Cyclophyllidea. Head with four in-cupped suckers (Fig. 
86F); proglottids in all stages of development, ripe ones only near end of 
chain no uterine pore; genital pores usually lateral; vitelline gland a single 
or bilobed mass posterior to ovary. Majority in birds and mammals. 

Onlv *:•<• IVeudophvllidea and Cyclophyllidea contain species which 
alt s k man (.* <Soi. ;.tic animals. Although 25 or 30 different species 
of iapcwoir;;. have been recorded in man. only 4 advdt species and 
'** 1 4rva ‘ :, P‘ c% '' i,t '‘ r ‘* II common. The order Pseudophyllidea con¬ 
tains one m e. J group, Dibothrioccphalus latus as an adult, and 
S !,a , .a , IS a larv a: the order Cyclophyllidea includes 

as i i ncii'.i ,o!iu:n 7\ .s aginata. and Hymcnolepis nan a , and as 

' ' - l ecu granulosus and E. multilocularis. 

j!. <i> nr.ian and DipylrJium caninum are much less rare than the 
l cco:us iKi\ it. . but ..il the others, some of which are briefly described 
m the following pages, are rare. 

>.k t tap -worms are astonishingly particular about their hosts. They 
undergo >lution more slowly than the hosts and therefore stick with 
them, unchanged even after the hosts have evolved into genera and 
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species which may now be separated by oceans and continents The 
tapeworms harbored by a bird may be a better md.cat.on of . s 
phylogenetic affinities than some of its anatomical characters ir 
several instances tapeworms have proved more rel.able than om.- 
tholoeists in showing the relationships of birds. 

Diagnosis. Tapeworms cannot invariably be diagnosed by examin¬ 
ing f eccs f„r eggs. The pseudophyllidean tapeworms can be diagnosed 
"dtis wav. since the «percolated eggs are expelled through the 
uterine pore of many proglottids at a time and are therefore a wa> 
nresent in the feces. Like the eggs of flukes, these eggs do not floa 
! , solution- they can he concentrated by straining and 

p ' " for cues even though no birthpore is present, since the 

examination gg ^ c „ ds of , ht . worms commonly rupture 

Se leaving the body of the host; Hijmcnolcpis eggs are easily found 

gravid uterus r nmtiire- those of T. safiinata can usually 

the feccs on!y when segments rupture^mse ^ ^ 

are porous and therefore cannot be 

f0 T!, d ccgg fl s 0 of ,i D"foo//.W OC e,./.r , /us (Fig. 55L, may be confused with 
. T1,C ( £. bu , „ )cy a re different in size from any common human 
* h ° se , («() »o 70 «) All other tapeworm eggs of man are recog- 

,1Ukl i ,?as such J their six-hooked embryos. Taenia and Hymeno- 
iii/ablc .. - . cannot be confused when one has 

' C, "' V CS e„ S them Sw inexperienced physicians, unfamiliar with 
™ ce St . .. ,.' |kc all eggs with six-booked embryos to be Taeiua, 

//yincmo/ep^s take a ^gg A physician who found tape- 

] thc stool of a Hindu mortally offended him by telling 
Wm he had eaten insufficiently cooked beef or pork, when in reality 

^Treatment! 'por the^ost part the drugs most useful in expelling 
Tr institute a group distinct from those effective aguins 

IS 3SSb carbon Uachloride and hcxylrcsorcinol have 
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some effectiveness against both groups of worms. Tapeworms are 
affected by a number of drugs of vegetable origin—filix mas, Cusso, 
Kamala, pelletierine, arecoline hydrobromide—which have not been 
found effective against other helminths. Ethereal extract of Aspidium 
(filix mas or male fern) was the standard drug for expelling tape¬ 
worms from man for many years, and arecoline hydrobromide is still 
most extensively used for dogs. 

An acridine compound (Acranil), related to atebrin, was first used 
against tapeworms by Neghme in Chile in 1938, and atebrin by 
Culbertson shortly after. Atebrin has now largely replaced Aspidium 
for human tapeworm infections. The usually recommended dose of 
atebrin for adults is eight to ten 0.1-gram tablets in a single dose— 
two tablets every 5 minutes. This usually clears 60 to 90% of Taenia 
cases in one treatment. It cures -40 to 75% of Hymenolcpis nana 
infections, in all cases removing a high percentage of the worms; in 
one case reported by Beaver and Sodeman 6000 worms were passed. 
Neghme and Bertin (1951) found atebrin successful in removing 
Dibothriocephahts latns in all cases tried. The drug is given on an 
empty stomach in the morning, and followed in 2 to 4 hours by a 
strong saline purge. Chloroquine seems to be a little less effective 
than atebrin. Introduction of 0.8 gram of atebrin in 100 cc. of water 
behind the stomach by duodenal tube is an even more effective treat¬ 
ment; it expelled all worms from patients who did not interfere with 
the treatment by vomiting, which was done more frequently by 
women. Treatment for species of Taenia should not be repeated until 
segments or eggs again appear in the feces, for sometimes the scoleces 
arc not easily seen when passed. The worms are more easily expelled 
v.’ /*' ■ • i ‘here is a considerable length of paralyzed worm to drag on 
the scolex. 

German workers (see Kuhls, 1953) have recently revived the use 
of tin is an anthelmintic for tapeworms. Tablets containing a mixture 
ol metallic tin, tin oxide, and zinc chloride, given before meals and 
with no following purge, are reported to be highly effective (90% 
cures) und nontoxic. Dichlorophen has been reported by Jackson to 
be effective against tapeworms in South Africans. 

Prevention. Prevention varies, of course, with the species of tape¬ 
worm and its intermediate host. But since infection with the common 
human species, with (lie exception of the species of Hijmcnolepis , 
results from eating raw or imperfectly cooked beef, pork, or fish in 
which the larvae have developed, the exclusive use of thoroughly 
cooked meat and fish is the best preventive measure. Pork and beef 
bladdcrworms are killed when heated to 55°C., but it is difficult to 
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heat the center of a large piece of meat even to this point; a ham 
cooked by boiling for two hours may reach a temperature of only 
46°C in the center. When roasted, pork should always be cut into 
pieces weighing no more than three or four pounds to insure thorough 
penetration of heat. Beef which has lost its red or rare color .s 
quite safe. At O’ to 2»C. the cysticerci of T. soUum live for over 
SO days, but at -5 C. they die in about a week. Quick-freezing is 
destructive to cysticerci, as is thorough curing or salting of meat. 
The meat of sheep, goats, or chickens does not convey any parasites 

to man. even if uncooked. 

Prevention of cysticercus infections in cattle or pigs depends on care 
to prevent contamination of the animals' water or food by human 
feces Eggs of Taenia saginata may live in liquid manure for over 
W weeks and on contaminated grass, if not allowed to dry. for over 

tapeworm. H. and .bore which 
nods are subject to different means of prevention (see p. 30.)) No 
effective method of protection of herbivores against anoplocepha id 
tapeworms, which utilize free-living mites as intermediate hosts, ha. 

yet been devised. 

Order Paeudophylliden 

d An r i 

£ ^ ,™...rc and tone,Iona, a. one time 

d deoosit eggs through the uterine pores as more are being dc- 
f ,t\ Fventually. as old age overtakes them, the proglott.ds cease 
velopcd. E > gradually empty their uteri and then. 

*° P-luce , ong chains . The general 

shrunken a olvj a copc p„d as a first intermediate host and 

yPC r h i a a second, has already been described on p. 338. 
a vertebrate family, living in whales, porpoises, 

7‘ C Ll L! fbb ea«ing land carnivores, fish-eating birds, and man. 

S.nee sevc . u . desirable to break up this large group into 

"Snera Wardle, McLeod, and Stewart (1947, recognized 
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seven genera, five of them parasitic in marine mammals. The species 
which commonly lives as an adult in man falls into the genus 
Dibothriocephalus, which was created for it before this and all the 
other species were merged into the genus Diphyllobothrium. The 
latter genus was first erected for a large species with a small oval head 
and no obvious neck, found in porpoises. 

The genus Dibothriocephalus (not to be confused with Bothriocepha- 
lus, which has both its plerocercoid and adult stages in fishes) contains 
the human species, D. latus, and several others reported from fish¬ 
eating mammals and birds. They are large, slender, weakly muscular 



A B c 


Fig. 92. Arrangement of organ* of various genera in the family Diphylloboth- 
r iidler as seen in sagittal sections. A, Spiromctra, with separate openings for 
< in us, vagina, and uterus; H, Dibothrioccplwlus, with common opening for cirrus 
and vagina: C Pyramicacephulus, with common opening for cirrus, vagina, and 
uterus. AbbreviatJ n lital atrium; ov., ovary; tv., seminal vesicle; up., 

' 1,11 Port; ut., uterus; « i vagina; « 1 / . vulva. (After Mmllcr. J. Parasitol., 

22 , 1030 .) 


f orn ngated, compressed scolex with slitlike grooves or 

bo'iii .) which an narrow and deep; a long slender neck; a rosette- 

1 01 ning for cirrus and vagina (Fig. 92 B); 
sn<is; and plerocercoids in fish. A closely related 
antair.s m i 11 r and weaker worms, found primarily 
hr< shallower bothrla; a uterus with a 

1 ' P^nings for dmis and vagina (Fig. 92A) 5 

‘ " Jt 1 •• • pit colds usually in frogs, snakes, 

&ibly all, of this group can live in human 
’ *j ie <; ! ; » “sparganum" stage, causing sparganosis. 

species, S. 1 .cushion:, has been recorded a few times as an adult 
flora a man in China. 

record of human infection with other adult diphyl- 
lobotluiids, normally found in marine carnivores, and also with worms 
11,0 *» C11US u '£ u,a - 3 his and the related Schistocephalus reach a 
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large size before being transferred from fish to their normal bird hosts. 
Smyth (1947) was able to get the plerocercoids to mature their 
reproductive organs in artificial media at 40 C. 

Morphology. The arrangement of the organs in mature proglottids 
of a diphyllobothriid is shown in Figs. 93 and 97. The female system 
consists of a vagina opening on the mid-ventral surface in the anterior 
part of the segment and running almost straight posteriorly to an 



Ha 93 Diboihriocephalus lotus. A, chain of proglottids. natural size. H. 
mkldh portion of proglottid; c.p.. cirrus pouch: in*. M‘*hl.s m “ lc 

• i ■ n nit ov in' ovid oviduct; vp.d., sperm duct; s.r., seminal retep- 

due,; Superficial layer t..l away .... right to expose testes. 


ootype surrounded by a Mchlis gland. The ovaries are paired in the 
posterior part of the segment. The yolk glands arescattered through- 
ont the lateral fields. The uterus lias an inner series of delicate coils 
as it leaves the ootype, followed by an outer series of large coarse ones. 
The uterine opening is on the ventral surface but is inconspicuous. 
The male system consists of a large number of testes scattered in 
the lateral fields, largely obscured by the vitelline glands winch l e 
dorsal and ventral to them. The cirrus and cirrus pouch are antenorl) 

^Dibolhriocephalus la,us. This worm possibly tonstiU.ting a group 
of nearly related species, is called the "broad or fish tapeworm. It 
is the largest tapeworm found in man. It has long been known ... 
many par." of central Europe; in Finland about 20% of the populatmn 
harbor this worm, and in some local areas in the Baltics nearly 100 .. 
are infested. The worm also occurs in Ireland, Siberia, Palestine. 



348 Introduction to Parasitology 

Japan, Central Africa, Chile, and in Michigan, Minnesota, Wyoming, 
Manitoba, Alaska, and Florida in North America. It has been thought 
that the worm was introduced into North America by Scandinavian 
lumbermen, but it probably also entered by the Bering Straits, or 
there may have been a native species in our wild carnivores before 
European or Asian man or dogs arrived. Worms from Manitoba and 
from Russia look different, but there is so much variation in different 
parts of a worm, in worms of different ages and in different hosts, and 
in worms differently prepared, that no specifically differential charac¬ 
ters have been found. 

D. lotus reaches maturity in many domestic and wild species of the 
dog and cat families, in bears, and possibly other fish-eating carnivores. 
In North America the brown bear may be the normal host; dogs may 
not be as important since many of the eggs passed by them are not 
viable. 

D. lotus is a veritable monster, reaching a length of 10 to more than 
30 ft., with a width of 10 to 12 or even up to 20 nun., and with a 
total of 3000 to 4000 proglottids in large specimens. Tarassov tells 
of a Russian woman who harbored six worms, aggregating over 290 ft., 
and of another who supported 143 worms. Fortunately in tapeworm 
infections the size ol the worms usually is in inverse proportion to 
their number. The proglottids (Fig. 93) for the most part arc much 
broader than long, although the terminal ones become approximately 
square. 

life cyci f .. The broadly oval, operculated eggs, which average 
about 60 by 42 /*, contain abundant y.Mk cells (Fig. 55L). Ciliated 
embryos, or coracidia. develop slowly in the eggs, hatching after 
8 or *0 days to several weeks, depending on temperature. The 
corn' it!. i (1 ! j. 0 If *). 50 to 53 „ in diameter, swim by means of their 
ci’i i or creep on th*. bottom after slipping out of their ciliated cover¬ 
in';' but lb v n;i>r be eaten b\ certain species of copepods (Fig. 94D) 
i'i 'I ' »urs il they are to continue their development and 


! .\ ria v \ cry fastidious about its first intermediate hosts, and 

to V.a. iv a devt iops only in certain species of the genus Diaptomus 

ng first antennae), which live in the 
1> n water of lakes Many species of Diaptomus are known to serve 
i f A . but ib.*r cop* pods do not, although species of Cyclops are 
the T 'icferred hosts of Spiromctra. 

Soon d cidium is ingested by a copepod it loses its 

cib.tt d coverin'*, and the naked oncosphere, only 24 n in diameter, 


.)i >rcs 


through into the body cavity. In 14 to 18 days it develops 
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into a solid, elongate creature. The embryonic hooks persist in a 
bulblike appendage, the cercomer, which is partially pinched off at 
tlie posterior end, and eventually discarded; a cup-shaped depression, 
into which histolytic glands open, appears at the anterior end; some 
species also have spines at the anterior end. The worm is now a 
procercoid, about 500 /* long (Fig. 94D, G). 



1 ,1 ,l,.a, s of Diboth'iocci>halus A. undeveloped egg: 

H fl . 94. Oevctop" ontal stag c „ r coracidium; O. Cyclops 

II. egg containing dcv.lo x . ,? , shedding ciliated envelope in 

slrenuus containing P rocx W ..d t, un, > , (lUl . (After Brnnipt. 

Cyclops; F. growing pr.Ke.eml G, mug. 

Precis de panidtolugic, MasMMi, 


Further development occurs in fish when the infected copepodI is 
The n tssage through the intestine and body cavity of the fish 
““‘low T'ut eventually the larvae reach the flesh of the fish and grow 

into elongated wormlike plerocercoid larvae. 4 or 5 mm to several 
,„to clout, encysted and are found anywhere 

centimeters ... le. 5 ' ' , t |, is respect O. hi us differs 

f" ' " ome 'of"the'related species that develop in birds, since the latter 
from son , mesenteries in the abdominal cavity or in 

Z Uv U er Tlufsrnaller procercoids lie straight, hut with growth they 
a 1 ,1 of the body is white, somewhat flattened, and marked b> 

remainder o the 1. segmentation. In uncooked fish their 
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cysts of flukes or other tapeworms may be confused with them if 
they are not carefully examined. Cysts of tapeworms of the genus 
Proteocephalus are often present, but these have four or five cup¬ 
shaped suckers on the head; the elongate but cramped plerocercoids 
abundant in tullibee ( Leuciscus ) in some lakes in northern United 
States are readily distinguished by the tridents on the head; some of 
the other plerocercoids found in herring, perch, trout, etc., are more 
difficult to distinguish. Drum, gulf “trout,” etc., from the Texas coast 



Fig. 95. A to C, plcroccrcoid larvae of /). lotus ns they appear in the flesh 
ol (idles, x 1; I) wall-eyed pike (Stizostedion) showing distribution of 35 plero- 
ccrcoids m the flesh; E, northern pike (Esox Indus) with 37 plerocercoids. (After 
Vcrgccr. /. /»»/. Ms , I I. 1929.) 


frcqi • r,|. in I he vciy elongate “spaghetti worm” plerocercoids 


..s si . .?,d intermediate hosts of Dibothriocephalus 
ii but they seem to differ in different 
‘ mi i mil d States and Canada pike and walleyes 
.".n. I i ;. UbD and I'), are by far the most important 
l,, '°P c * trend perch, and burbot; in Lake Baikal, 
us at (f ( h'jinalltis; in Chile, Alaska, and the Far 
L ad crhunchus and Salmo ); and in Africa, the barbel 

[ L>:i<r.ns). 


ot Ti > pan 
become !. < 

1 1 in neh.i which 
^ian parasites. 

Thenh 

1 >» • ) Vv. .iS sc i 

1(2tUS Ai 1 


iff 

1 * 1 ' ; • 1 • a| 'l. 

!p mjit'u rn llu 

• Eso ■ i , 

Fi 

: i. . ■ n 

'it Ik f„ Europe. 

•• ■••'.is :t 

* 'orcronus and 

£•*.. t hom 

1 Oii’jhorhynch 


•II lakes in northern United States and Canada 50 to 
> of the pike and w s harbor larvae of this worm. These 
;rge cai ni\ orous fish do not feed intentionallv on copepods and 
ingest them in the stomachs of smaller fish on which they 
l>ie>. It is a peculiarity of plerocercoid larvae that they are able to 
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reinvade and become re-established in host after host until one is 
reached in which maturity can be attained in the intestine. Those 
of D. lotus can pass from fish to fish, and those of Spirometra may 
be passed about among frogs, reptiles, and mammals. 

Infection of the final host comes from eating imperfectly cooked 
flesh or roe of infected fish or from conveying small plerocercoids to 
the mouth by the hands, to which they cling while fish is being 
cleaned. In 3 weeks they may have reached a length of 3 ft and 
may begin producing eggs in that time. It has been estnnated that 
one worm produces 36.000 eggs daily. In northern United States 
many towns pour their sewage directly into lakes, and the inhabitant 
fish for pike, which harbor the plerocercoids. near the sewage outlets. 
Summer visitors in camps and hotels often partake of 6sh, hashly 
prepared, content with a well-done exterior. Dogs and cats arc 
usually given the raw refuse and help to keep the infection alive. 
Furthermore, millions of pounds of walleyes and pike are anm.ay 
imported from infected Canadian lakes for the preparation of gefulUe 
fish" Many cases develop among Jewish people presumably as a 
result of tasting the fish during the preparation, before it is cooked 
PATHOLOGICAL effects and treatment. Common effects of D. lotus 
infection are abdominal pain, loss of weight, and progressive weak¬ 
ness similar to the symptoms of Taenia infections (see p. 359). This 
- vor unique among tapeworms in sometimes causing a 
worm is, however, imqxu:* £ » Fortunately, this severe 

very severe anemia nlle . In Finland, although 

anemia is the txctp • pronc to pernicious anemia than 

1 «£ r:„y 5 ,« «? ^ 

?! /one,.'thought that the anemia was produced by toxic substances 
W . aS , . W orms but the senior author (Chandler, 1943) sug- 

Pr .°! .'!l C absorption of a vitaminlike substance by the worms as a likelier 
gcs . t Subsequently it became known that vitamin B, a plays 

CXP "no rnnt r le in 1> ood formation, and in 1950 the authors sug- 
,U1 !T?hat D Wfilcep/m/u-v may have an unusual affinity for tins 
v» min Wmk by von Bonnsdorf (reviewed in 1956) and by Nybcrg 
y l .tr-ited that n lotus absorbs ten to fifty times as much 

B rS^rms, the fish tapeworm taking up almost 
V 'T' nl a "single oral dose of radioactive vitamin B,, given to he 
human host The worms tissues are so rich in the vitamin that 
human ho 1)osv< iercd worms along with gastric ju.ee is as 

“ff^cHve b.treatingpernicious anemia as administration of vitamin B,,. 
effective in treating I infec tion must depend mainly on 

m „“T,a ul ofHousewives end cooks pse,„,» 6 
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“gefiillte fish” should refrain from tasting the raw fish to test their 
skill in flavoring. Some reduction in the infection of fish could be 
obtained by education and regulation with respect to pollution of 
lakes, and the practice of feeding raw fish to dogs and cats should 
be discouraged. 

“Sparganum” infections. The plerocercoid larvae of worms of 
the genus Spirometra , for which the name Sparganum was given before 
their adult forms were definitely known, normally develop in frogs, 
snakes, or amphibious mammals, but when opportunity is afforded 
can live in man. The first intermediate hosts are Cyclops , which 
abound in shallow water. Galliard and Ngu (1946) showed that 
S. mansoni in Indo-Cln'na apparently requires four hosts, the pro¬ 
cercoids from Cyclops first infecting tadpoles, and later becoming 
fully developed plerocercoids when these are eaten by frogs, reptiles, 
or mammals. This recalls the use of minnows as an intermediate 
step between Diaptomus and carnivorous fish by Dibotlirioccphalus 
lot us. 


The larval worm as found in man, usually referred to as Sparganum 
mansoni, is a typical plerocercoid, much larger than that of D. latus, 
being 3 to 14 in. in length (Fig. 96). It is a whitish, elastic, wrinkled 
worm with in invaginated scolex at the broader end. In man it is 
found in the muscles, subcutaneous connective tissue, or around the 
eye. The largest number of cases have been recorded from Indo¬ 
china. China, and Japan, but scattered cases of this or closely 
related larvae are known from almost every part of the world. In 
the Orient human infection is acquired in a remarkable manner; 
plft >nly used l>\ the natives as a poultice for 

ounds and the spargana then transfer themselves to 
I to the eye, they may settle in the lids or go 
of 1 te f ee; they arc easier to remove after being 
A* noted on p. 'vSO. spargana are able, when eaten by 
* ' " ' • ' »'**>•'» suitable for adult development, to reinvade and 
‘ In! over again, ready for another try. The range 

bec ome re-established after development 
b an that in which they can develop originally, 
nuch coi ibout the species of Spirometra, all of 

a. primar i\ cat and dog parasites when mature. Wardle and 
, i teen species which have been described 
" a Id. There is no way of distinguishing the 


1 i. hi it morphology, as in the genus Dibothrioccphalus, 

i ' ’ h tv it to easy differentiation of species. Some spargana 
dove lop only in irogs. some in mice* but not in frogs, and some in 
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both. After becoming spargana, however, some species, at least, will 
re-establish themselves in fish, frogs, snakes, mice, or men—whatever 
eats them. It is probable that any species of Sparganum of the 
Spiro,netra group could establish itself in man if swallowed, but it 
is not known whether the swallowing of infected copepods would 



• vJt*' (After Iiima and Murata, Coll. 

Fig. 96. S/>arganum mansoni, natural mk. < 

Sci. Imp. Univ. Japan, 2, 1888.) 

result in infection. A few cases of Sporgamnn infection have been 
recorded the United States (Head, 1952), but there ,s no inform* 
ion as Jo the species to which they belong. Spireme,ra mansono.des 


vit. R 



2.0 mm. 


vit.d. 


Lott young mature proglottid: c.s., cirrus 
Fl 0 . 97. Spirometra mansono u/cr. / g | aI ,ds. Right, reproductive 

sac or pouch; t., testes; ut., u . ’ |s c | |; .\/.g/., Mehlis* gland; ov., 

organs: i and 9.■ B™ital „, c rinc pore; vit.d.. vitelline duel, 

ovary; a.r., seminal receptacle, u.. 

(After Mueller, Parasitol ., 21, 19 -»-) 

(171 has a wide distribution in wild and feral cats in eastern 
( r, g. 97) h j uscs X vil c l species of mice for devclop- 

United States ‘‘"J Vluellcr and Coulston (1941) showed that 

-A- - — 

A few of worms, usually only 3 to 12 nun. 

r lngth'but sometimes larger, may be present in acnelike nodules 
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in the skin and elsewhere in the body. They apparently proliferate 
by formation of budlike growths. This so-called Sparganum proliferum 
is now believed to be an abnormal growth in an unfavorable host; it 
has been found only in man. Mueller (1938), from a careful restudy 
of specimens of S. proliferum , concluded that they are abnormal, 
degenerate forms without scoleces and without normal orientation of 
parts. 


Order Cyclophyllidea 


Tlu* vast majority of the tapeworms of mammals and birds belong 
to the order Cyclophyllidea. These, as noted on p. 342, are distin¬ 
guished by the presence of four in-cupped muscular suckers on the 
scolcx and often a rostellum armed with hooks, by having the yolk 
glands concentrated into a single or bilobed mass near the ovary, and 
by having no uterine pore. The embryos remain passively in the egg 
or embryophore until eaten by the host in which they arc to develop; 
this may be either a vertebrate or an invertebrate. Reid in 1947 
showed that they are provided with a pair of unicellular glands open¬ 
ing between the booklets and probably helpful in penetration. The 
larva may be either a cysticercus, a coenurus, a hydatid, or a cysticer- 
coid (see pp. 339-340). 

Six families contain species which are habitually or accidentally 
parasitic in man. These are: 


Taoiiiidm . Medium-sized or large worms, except Echinococcus, which 
ver > 1 • I with .i double row of large hooks but 

'•Ictus with a central stem and lateral branches; 
•It m ting . le v ovaries and yolk gland in posterior 
• « i» * s numerous, eggs with thick, striated inner shells. 

.u or domestic animals: Taenia. Multiccps, Echino - 


• « . 'v.*S 

• place 
sai'cs t 


oi nip 


M urn-sized or small worms, segments usually 
e* :,i!l\ with a single row of hooks, but unarmed 
1,1 crus «it like not breaking up into egg halls; genital 
*11 on one side; ovary and >«>lk gland near center of 
1 to *. testes. Important genus: llymenolepis. 
hdium-si/ed or small worms; rostellum usually well- 
i stellar sac, and with 1 to 6 or S rows of rosc- 
.< in'.ilia single or douhli : genital pores unilateral or alternating; 
'"‘V sverse sac (subfamily Dilepidinae), or 

1 - paruteiinc h subfamily Paruterininae), or by egg cap- 

oi. taming one to several eggs (subfamily Dipylidiinae). Important 
ij'uuPiiiwn. 

' iciiimn-si/ed or small worms. Scolcx with a double row 
oimi->h.tpcd hooks on rostellum and usually with numerous 


nit 
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minute booklets on the margins of suckers: ovaries and 

center of segment; uterus breaks up into egg capsules; testes fa.rlx numerous. 

Imnortant Genera: Davainea, Raillielina. 

Anoploccphalidae. Medium-sized or large worms of herJmorous am- 
m ds Scolex unarmed; female genital organs single or double in each 
segment situated laterally or near middle, testes numerous; uterus develops 

a, , subfamily ol 

.... i _ r ...»,i| worms ol insectivorous animals; scolex unarmed. sc\ 

issssas 

..nportant genera: w orn,s ,.« carnivorous birds 

MesocesloWiflae. • aciial pore on mid-ventral surface; ripe 

testes numerous. Two genera: Ucsocestoules and Sl.soy.jn,,. 

Taeniidae 

The family Taeniidae includes for the most part relatively large 
iH, in mammals. The form of the hooks in the armed 
worms pa * , gs/j ^ the arrangement ol organs m the 

species is show. ,n (F igs. 55 P and BOA) have a very 

proglot t ids s K onu . tiim . s provided with a pair of delicate filaments, 

thin outt . . i^fore t| ie eggs are found in the feces. The 

which * ordma. « 1 c n , shc|| which on surface 

inner embojop . . lo .,ks striated. The 

are cysticerci. but in the genus Mu, ,ice,* it is 

a coenurus and in worm is common in 

Taenla io h k js eaten without thorough cooking, 

Par,S °,v in Zel-Sefin Europe, hu, it is rare in the United 
^ P . Ct,d | k . wis |, al „| Moslem eountries, where the eating of pork is 
f^CTious religious misdeineanor, this parasite has little chance of 
l ,d is scandalous evidence of moral turpitude when it does 
survival and.^cand in Hindus. It is a remarkable fact 

rr: ,U ;' mv oarts oV the world, e.g.. North America. India, the 
* m . \ L n infections with adult worms are so rare that many 
Phihppines ^ unabIe tQ obtaill specimens, yet bladderworm infec- 

a ° r ‘! • ‘ 0 f fairly frequent occurrence. Even human infections 

wUh 'the! bladderworm of this species are commoner than infections 
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with the adult. This is one of the unsolved mysteries of parasi¬ 
tology. 

morphology . The pork tapeworm (Fig. 85) usually attains a 
length of 6 to 10 ft.; records of specimens much longer than this are 
probably due to confusion of parts of more than one worm; there are 
800 or 900 proglottids. The scolex (Fig. 98B) is smaller than the 
head of a pin. about 1 mm. in diameter, and has a rostellum armed 
with 22 to 32 hooks, long ones (ISO /x) and short ones (130 /x) alter- 





Flg. 98. A. im.irimil n. oIcn of Taenia saitiiuitii, x 10; li, armed scolex of T. 
.\oHum, > 10: O', viuic, x 00; (', long hook, tloiA.il view; /), same, lateral view; 
E, short hook lateral view blath uard It., handle or root; C-E, x 160. 


1 iv 9S( and D). Behind the head is a thin, unsegmented 
gnu • n broader than long, but in the middle 
I'i't •-" »* :n. t-» \ Ivc.nne stjuarc, and the ripe ones are about 

I «s hi .ad, .shaped somewhat like pumpkin seeds and 
mi lorn . The sexual!) mature proglottids closely resemble 
dv.s.. of *a':inrta (Fig. S8h 

d mat.nit\ is reached and sperms for fertilizing the 
brtn received, tin uterus begins to develop its lateral 
ic this spec.es then ire only 7 to 10 main branches on each 
•tat whit h is - 1 .p. cial value in distinguishing the ripe segments 
thosi • y hieh has about twice as many (cf. Fig. 

■h i, ii). \ i> • fuUy ripe uterus usurps nearly the whole proglottid; 
• t f the- oliici reproductive organs degenerate. 

A man infested with a pork tapeworm 
expels iii segments, singly or in short chains, almost every day. 
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several hundred a month are cast off, each loaded with thousand of 
ecus- the embryophores are nearly spherical and measure 3o to 4 M 
In diameter The shed ripe proglottids. unlike those of Tacua sag,nolo 
are Sy and inactive and are passed only in the 
bee.™ infected 

I™ a considerable .i„e in 

m the feces, me ***« * , . , t ,The filthy way in which 

moist situations as d; those T\ ~ opportlllli ,y for their infection 

hogs are usually k. pt P' « P 11 where ivies are built in 

e" - r.o £ . ti P^-2 

— and 

-“pon ,„ g ,s.in„ bv a snitabie 

bore through the mnsclcs or meat, but they may settle 

lymph channels, usu. * espcc j a ||y favor the tongue, neck, 

in almost any pait of th * . ortain muS clcs of the hams, 

heart, elbow, and shoulder muscles, and c, r.a, 

Having arrived at tbw*^ ' c( ,„ lllo J c . The cysticerci are small, 

cystiecrci, named Cystu irmsnarency. 6 to IS mm. long 

oval, whitish bodies wit i an «>P > *' ‘ side where the scolcx is 

(Fig. 99), with a denser M JP«* ^ ^ M .• inoas ,y” pork, 
invaginated. Fork ton an inlcrous as to occupy more than one- 

Somctimes the cysticere. •> numbering several thousands 

half the total volume of a piece 

to a pound. . n bv man , all but the scolex is 

rrJir-* * zx ass 

it zzg srt=v~ - 

siderable growth ‘^ P ''‘ 1 < ,) lt ''' vor m S in the intestine produce the 
PATIIOCEN1CITY. • 359 ). This species, however, 

same effects as Tanua , he bladderworms as well as the 

is particularly danger.. ^ cystjcercos i s . Self-infection with 

adult can develop in > ^ wn ,; ilIlina , ed hands or by hatching 

the eggs can rtM.lt ^ . nttttine and carried into the stomach by 
of eggs liberated cases of cysticcrcosis were diagnosed 

serving in North Africa or India during World 

W “ r , “effects depend on the location of the cysticerci in the body. A 
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Flu- 99. Cij'llccrctis ccllulosac: A, freed eystlccrci (xl%)$ B, cut pieces of 
"measly pork, heavily studded with cysticcrci ( x '.•»); C. cut piece of pig heart, 
loaded with cystScerci ( D, same, surface \icw (slightly reduced). 


fev in Mic imtst-les or subcutaneous tissues are nothing to worry about 
but, cl*.;*, -v *r. -he result of mechanical pressure, they may create 
u«)| Voi! m os when they locate in the eye, heart, spinal 

r',x i-v i-j » r ot’-cr delicate organs. 

' "ire surgical removal. Brain infections lead to 
v . iocs, violent headaches, giddiness, local paralysis, 
'1 optic and psychic disturbances, often hysterialike in 

• < • ! dj-ibh many such eases are never correctly diagnosed. 

of subco.ancons cysticerei should lead to suspicion. Asenjo, 

• • o founc! O'. of brain tumors' to be really cysticercosis, 
m l iif? has devised a method by which even one cysticercus can be 


i'e*l by vcntriculographic x-ray. If the cvsticerci are numerous, 
: removal may be impractical, but no other treatment is known. 
Prove n‘ i: n and treatment for expulsion of adult worms in the intes¬ 
tine are discussed on pp. 343-345. 
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Taenia sa e ina,a or beef tapeworm. This is the commonest large 
tapeworm of man and is cosmopolitan in distribute. In some 
ties e g parts of Africa, Tibet, and Syria, where mea is broiled m 

15 to 20 ft., but specimens up to to o . The scolex 

Trfst, i r» * without hooks B oth 

—i ripc'scgm. n, s ( £ - ^ 

T. solwm. The detach wh( . n f rcs hlv passed, usually singly, 

and 6 mm. wide when relaxe - - caterpillars; often 

they are firm and very aclne, ^ ^ rup ‘ ircd ends „f 

they creep out of tlu .» • *43). Several times active 

the uterus on theJ 6 ™ • > ([ J, sloo , have been sent to the 

specimens from the * ur,act , 

writers as "'similar to that of Taenia solium except 

LIFE CYCLE. The We <-><- catl | c . or a Uied animals. How- 

that usually the interim* 1 a i — ' . are occasionally infected 

ever, giraffes, llamas and experimentally infected; 

with cysticerci, and lam^ and kid ^ ^ tropic s cattle and 

two valid human casts . o(lell |, aV e their flesh thoroughly 

buffaloes habitually '’l!. Im.IU. cattle, like pigs, frequently follow 
riddled by the cys ‘ J ^ ^ anl icipation of a fecal meal, 
human beings o ( , u . ( ren)a i„ viable in pastures for 

Under favorable con Hlfiths have recently pointed out that 

6 months. Silverman and )>y ‘ arlit . u ,arly gulls . 

Taenia eggs in sewage • - works in Britain. The cysticerci 

which frequent beef are 7.5 to 10 mm. wide 

(named Cysftcertus ^ im(S , frequently present in the muscles 

by 4 to 6 mm. long. . (lu . s> . are the portions of the carcass 

of mastication and m jnsp ections. They are. however, incon- 

usually examined in « raw or rare beef, 

spicuous and can ea> done by adult taenias to their hosts 

pathogenicity. Th There are some who believe that 

is often either «"*£- js inore or less of a joke, and as such to 

the presence of a tap ^ be ta ken seriously, whereas others 

be got out of the sys 1 OV er them. They may cause median.- 
become unnecessarily distur 
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cal injury by obstructing the intestinal canal and by injuring the 
mucous membranes where they adhere, and they may absorb enough 
nourishment to produce the proverbially ravenous “tapeworm 
appetite,” although much more frequently they cause loss of appe¬ 
tite. 

Swartzwelder in 1939, in a series of sixty cases in New Orleans, 
found abdominal pain, excessive appetite, weakness, and loss of 
weight to be the commonest symptoms. Other symptoms are nausea, 
difficult breathing, digestive disturbances, dizziness, insomnia, rest¬ 
lessness, false sensations, and occasionally convulsions and epileptic 
fits. Many of these symptoms might well be due to an induced vitamin 
deficiency in hosts on a marginal or suboptimal supply, which is 
deplorably common even in the relatively well-fed United States. 
Chandler (1943) showed that tapeworms thrive even when there are 
no vitamins or protein in the diet of the host, and that some, perhaps 
all, that .ire needed are acquired directly from the host. Anemia and 
eosinophilia are rare. The senior author knew of a case in which 
tuberculosis was suspected; the patient was weak, easily exhausted, 
and emaciated, with sunken cheeks and staring eyes. A fortnight 
after two large Taenia were expelled he was like a new man. In 
contrast, a colleague harbored a Taenia for years; in spite of a 
number of unsuccessful efforts to part company with it, “Horace,” 
as he familiarly called his guest, stayed with him, yet there were 
never any symptoms other than segments in the stools, and the host 
continued in ruddy and robust health. The latter case is, perhaps, 
much more common than the former. For diagnosis see p. 343; for 
treatment and prevention, pp. 343-345. 

Udiei- species of Taenia and Mullireps. The genus Taenia and 
the lynus Muhin pv, distinguishable only by the multiple heads pro¬ 
duce ! in the larvae ol Muititcps, include many species parasitic as 
adult* in dog* and cats and as larvae in herbivores. Some of the 
comm nest ones in dogs are /'. , mis ( serrata), the larvae of 
in the liver and tnes< nt< ri< * <4 rabbits; T. ovis, develop- 
m ; in the connective tissue in muscles of sheep; T. lujelatigena , 
dcveiiq ing in th* liver ol sheep; A/, mult iccps (Fig. 100), developing 

brain of ruminants and causing gid; and A/, serialis, 
•' "t mnective tissue ol rabbits. T. pisiformis 

•nd T. injdaiUena occur also in cats, but the commonest form in 
um animals is I. tacniacforniis which develops in the livers of rats 
One human case is recorded. The bladderworm of this 
species, C tj.siice rctis fasciolaris , contains a considerable chain of un¬ 
developed segments and is sometimes called a strobilocercus. All 
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these worms resemble T. saginata except in minor details; the scoleces 

differ in the number and size of the hooks. 

About a dozen cases of coenurus infection in man have been 
recorded: several brain infestations with M. mull ice,,s (Coenurus 
cerebral is ), one of which caused epileptic symptoms; a number of 
muscular or subcutaneous infections, some identified as M. senahs 
and at least one of the others as M. glo.neratus previously described 
from a gerbil. Crusz in 1948 suggested that these are possibly all 



scoleces 


coenurus 


fl9 , ,00. Brain of giddy sheep with coenunis of MuUiccps n,ul,ice„s. showing 
masses of scoleces. (After Neumann, from Hall.) 


t » in ic) 5 (j pain showed that subcutaneous human infee- 

™ I ilr “ni .he — of «*»* 

tions in centra , ies of m,,/,jeeps are distinguished 

=!'^Th^mbtand Ipe of the rostel.ar hooks. 

A few rare species of adult Taenia have been found ... man Fou 
f “T confuse" have been reported in the United States and 
M 5 " from eastern Africa, but Anderson (1934) believes this form to 
b e on y a variant of T. saginata. Probably T. bremneri described 
from a Nigerian, is the same thing. Another species, of which two 
f L were obtained from an East African, is T. africana. It has 
S" broader’ *an long, unarmed sc-o.ex, and a uterus with 

.. The 

snecies of very minute tapeworms which live as adults 

„„d «„* o,.« . P ™,, *. 
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granulosus, has been recognized as producing hydatid cysts in man 
and domestic animals. The malignant alveolar form of echinococcosis 
known from North and Central Europe, and from the subpolar areas 
of North America, is caused by a distinct species, E. multilocularis. 

E. granulosis has both a sylvatic and a pastoral epidemiology. The 
infestation is best known, naturally, in the areas where it is passed 
back and forth between dogs and sheep or cattle, and more or less 
frequently to man. It is especially prevalent in such sheep and cattle- 
raising areas as North and South Africa, the Middle East, Australia, 
New Zealand, southern South America, and until recently Iceland. 
Today the infection is becoming rare in Iceland, except in elderly 
people. In many of the areas mentioned above, one-fourth of the dogs 
and half of the animals are infected; in the Middle East hydatids 
OCCtir in about 20', of sheep. 40 % of cattle, and 100'< of camels. 
In northern Scandinavia there is a dog-reindeer cycle in which humans 
become inadvertently involved. Pigs are commonly infected in 
Virginia, Georgia, and Alabama. Since dogs are not commonly 
infected in these areas, it seems probable that foxes are involved. 

'1 he sylvatic form of E. granulosus occurs in circumpolar areas 
where wolves or foxes and moose or caribou are principally involved, 
and in Australia, where the parasite oscillates between dingoes and 
wallabies. Infection is maintained in sled dogs in Alaska by the 
common native practice of feeding them portions of the viscera of 
moose or caribou. In Siberia. St Lawrence Island (Alaska), Central 


Europe 
between 
an 1 C/fi 
p site 
Hon. ol 


and continental North America. E. multilocularis passes 
do «. fo\« s or wolves and rodents (Microtus, Clcthrionomys , 
• 'its In in<“t cases, man as a host is a blind alley for the 
tire undcsiiahle for the perpetuation of future geuera- 

worio*. Exceptions to this may be found in certain African 


INkimos who do not bury the dead but 
.‘rt‘-. pi ices to which wild carnivores have 
-»>1 showed that blowflies can carry Echinococcus 

l*’-g. 101) is structurally much like a 
e i: in size, and the ripe uterus has a broader 
'belike out-pocketings, which are often indis- 
only 2 to S mm. long, and consists of a scolex 
only three* oi Ipyr successively larger segments, 
one or two mature, and usually one ripe or nearly ripe, 
bead 1 :.v a protvusiblc rostellum armed with a double row of 
C 28 to v hooks, usu ally 30 to 30 . The worms occur by hundreds or 
even thousands in the intestines of dogs but are usually overlooked 


! ■ 1 i s e.g I*. M isai, or 

i 1 * 

.'1 hV 1 ' 

don 1 1 i • 'odies 
s ' fl.i'l 'i Hi« 

in de 

« ■ - V. w - 

.* • • » v f * • • • 1 « l T% } 

C 

i 'U* 

•" 

from exert!.! to 

food. 
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To* 

r v. bo* w ,•< rv us 

.like 

• ' » ; 
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* 

• only 
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on account of their minute size. Each ripe segment contains 500 to 
800 eggs In spite of the small size of the adult worms they require 
fto 6 weeks to mature in a clog. 1. is very difficult to distinguish the 
adults of E. granulosus and E. ,nul(,loculans{\ ogel. 1 o-). 

development ok hydatids. The eggs, about 30 b> 38 n, are 
distinguishable from those of dog taenias.) From the feces of dogs, 
wolves, or foxes It hey gain access to their intermediate hosts with con- 



1 mm. 

i ... i After Monnift, Veterinary Helminthology 
Fig. 101. Echlnoeoceiu granulosis. ( Alter Monmg. 

and Entomology, 1919.) 

, . . I,, .uldition to the* animals noted above, 

laminated forage <>«aterJ • 1 ^^ >ivor cs are susceptible, 

pigs, horses, rabbits an • . ^ inMmate association with 

Human infection usualh ' f „ b> . allowing dogs to 

dogsrchildrcn are especially h t J in vicw of the 

"kiss" then, or lick tl.e.r f..«* « «1’> ‘•'"h <)( , ra „ sf( . r of ta peworm 
unclean habits of dogs, is an < u < infected (log’s fur is 

eggs. Transfer of eggs f£‘ Use. deer, and caribou the 

also a good mean* of , y i„„ gs , but (.in domestic 

hydatids develop almost * r frequently sites, and in 

animals the liver and °t wr or^a j ‘ u in the liver, only about 

s 2 % ^.pi- 

bone, heart, brain,is The young larva changes into a 

Development of V■ ■, ^ , losl a dds an enveloping, fibrous 

hollow bladder, aroun month , hest . t -vsts measure only about 

cyst wall. At the enc (hey ;|re ilbout 10 mm. in diameter 

1 mm. in diameter, ■ nu , () pro<luce hollow brood capsules, 

and the inner surface . L , , lender stalks and often fall 

free into the fluid falle ^ ^ oldcr brootl capsules begin 

larger more brood c. wal i s< a number of scoleces, usually 

to differentiate on thc.r Sometimes , h e mother cyst, as the 

3 or 4 to 30 ( Fl ^ 1 ^ ),crnialike buds which may detach then- 

result of pressure, develop in(U -pendently as daughter 

^ The £ of the cysts is nearly colorless; in older cysts there ,s 
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a granular deposit consisting of liberated brood capsules and free 
scoleces, called “hydatid sand.” A cyst of 2 quarts capacity may 
produce more than 2 million scoleces. 



Fig. 102. Left, diagram of small hydatid cyst of Echinococcus, showing daugh¬ 
ter cyst ( d.c.), brood capsules tbr.c.), and scoleces (.?.). Stippled inner wall of 
cyst is p.'.rt .1 p ir.isite; outer fibrous wall is capsule laid down by host. Right, 
scoleces from cyst; A, invagin.it* d; R. head-on view; C, evaginated. 



Fig. 103. Cut hydatid cyst showing numerous scoleces like velvet on inner 
surface. 


■eventually the cysts may reach the size of an orange or larger. 
Alter !’> to 2l) years they may reach enormous size and contain 10 
to 15 quarts ol liquid, or occasionally even more. When growth is 
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unobstructed the cysts are more or less spherical, but they are often 
deformed by pressure. When developing in bones they hi! the marrow 
caviticsand may cause bone erosion. In 25% of human cases more 




Fig. 104. Experimental Echino¬ 
coccus tnultilocularis infection in a 
lemming. A. »hc whole " ni ',»al. 
ii section of the liver from animal 
sliown in A. Note the replacement 
of liver tissue by the growing para¬ 
site. (Photographs made in col¬ 
laboration with Hr. Everett Schil¬ 
ler.) 


cr cither <lnc to original multiple infection or 
than one cyst is presen , , ls Not infrequently cysts 

to development of <lclac f ‘ ro d uc i n g scoleccs and remain “sterile, 
fail in their primary purpos a , or acquirc d immunity in the 

Possibly this is connected 

hosts - Instead of forming a single large vesicle, the 

jSXL fonns a sponge,Ike, <—,y growing mass 
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of small separate vesicles embedded in a fibrous tissue (Fig. 104). 
It is not delimited by a capsule formed by the host, and the vesicles 
contain a gelatinous substance instead of fluid. Roots grow out into 
neighboring tissues. The central portions degenerate and die while 
growth continues on the outside, as in a true malignant tumor. Often 
portions of the growth become separated and continue to grow like 
the parent; such detached portions may be carried to distant parts of 
the body. This type of hydatid known as a multilocular or alveolar 
cyst develops principally in the liver. It occurs in central Europe, 
Britain, Siberia, northern Japan, and Alaska. Multilocular cysts have 
been reported from other areas, c.g., Turkey, Africa, South America, 
but it is not yet clear whether these are E. multilocularis or some 
other species. Vogel has shown that E. granulosus may sometimes 
produce a rather diffuse hydatid in calves, but this can be differentiated 
from E. multilocularis by the lack of septa. 

1‘AiiiOLOCY. In their natural wild hosts unilocular hydatid cysts 
may be practically harmless, and this is frequently true in domestic 
animals and man also. Usually they do serious harm only when they 
grow to outrageous size in the liver and press on other organs; or 
liberate their fluid by leaking or rupturing, thus precipitating severe 
allergic symptoms; or develop in such organs as the kidneys, spleen, 
brain, or eye. When cysts are ruptured, scattered scoleces and 
brood capsules develop in other locations; this is especially dangerous 
if rupture into a blood vessel occurs. 


On tlie other h.md. mnlti'ocular cysts are probably highly patho¬ 
genic to the natural rodent hosts. Growth and actual replacement 
o; nr by paiasitr tissue are extremely rapid in these animals 

('' 1 n • \ 


‘’••fhi' ly most hydatid cysts in either man or animals 
i ’ autopsy. In suspected cases precipitation or 
r ?s are posdble. using hydatid fluid or an extract 
i hg. n. but a skin test with these antigens, called 
i- be*ter aid easier. A bentonite-flocculation 
o< nth 1*\e!o hrinagglutination reaction show promise 
lu ( asoiii . >• t». n. Garabedian et al. (1957) reported 
• n.'.gglutinatioii test was more sensitive, more specific, and 
peirorm than the complement fixation test. Diagnosis by 
0,1(11 possible especially for pulmonary cysts, but in the 
,iv< 1 ll,< ' '‘ vsls detectable only when calcified (see Miller, 1953). 

i n : \m> *>.<. m vnoN. Treatment is purely surgical, but this 
.'rows fast to the fibrous walls formed by the host and does 
not .shea out. it is dangerous to withdraw fluid directly, and it is 


to 
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customary to withdraw part of the fluid with a trocar and replace it at 
once, unless in the lung, with a formalin solution to kill J* 
brood capsules, etc. Subsequently the fluid can begainedlout Mul- 
tilocular cysts can seldom be operated on successfully, and generally 

^evento^^sU^-Iding too much intimacy with dogs : car, 

- 

been contaminated by then.. Car., should also be takem that dogs are 

=**»r■ 

Hymenolepididae 

This family contains a char'- 

sitic in birds and mamma s, | • l . spcc ies have been found 
acteristics are summanzcd on P- 354- # 1 ^ inlnon parasi ,e of .nan 

in man. One. „ lliminula , is abundant in rats and 

and of rats and mice, an means a curiosity; the 

;s”;r iZ&ZTZtt&L ..... _ -»- ■«.. 

adult tapeworm found ... . . of|cn prese „t. It has a world-wide 

by the large numbers K . r somt . localities than in others, 

distribution, but it is f. southern United States, where about 

„ is the commonest childrc,.. are infected. Sunkes 

1 to 2% of the pop' • • , on 927,623 fecal examinations in 

and Sellers in 19 U to ^ . tor ds of 8085 tapeworm infections; all 
the southern states and 1935 Neghme and Silva 

but 100 of these: (98.6 A ) examined in Chile were infected. 

reported that 8/°°'* • ' ;|$ 18 to 2 8% of the population were 

In some parts of India_ 1 £ infected. In 500 Egyptian villagers 

f ° UnJ by , bv thewitw 36 //.»•«"« infections were found ,7%). but 

Assists , ..*» -— 
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present; in heavy infections it is commonly 20 to 30 mm., with a 
maximum breadth of only 500 to 600 jx; it is seldom found after 
treatment, even when diligently sought. The scolex (Fig. 105A and 
B ) has a well-developed retractile rostellum with a crown of 20 to 
30 hooks. All the proglottids are considerably broader than long. 
The arrangement of the organs in mature proglottids can be seen in 
Fig. 105D. The uterus develops as a sac which practically fills the 
segment between the excretory vessels. The uterine walls and parti¬ 
tions between segments may break down to allow passage of eggs 
from segment to segment, and out from the broken posterior end of 
the worm or between segments. 

The eggs have a very characteristic appearance (Fig. 550). The 
outer shell is oval. thin, and practically colorless; it commonly 
measures about 40 by 50 ft. The embryophore is lemon shaped, 16 
to 20 /l long, with a little knob at either end from which arise a 
number of long, delicate, wavy filaments which lie in the space 
between the embryophore and the outer shell. All six embryonic 
hooks lie approximately parallel in healthy oncospheres. 

liff cycle. 11ijmcnolcpis nana differs from almost all other tape¬ 
worms in being able to complete its entire life cycle in a single host. 
In tin's it is radically progressive, having broken away from the age-old 
tapeworm custom ol utilizing intermediate hosts. It can, however, 
still revert to the habits of its ancestors and develop in fleas or grain 
beetles. When the eggs arc ingested by man, rats, or mice, the onco¬ 
spheres begin to claw actively inside their shells, and escape in the 
lumen ol the intestine. They burrow into the interior of the villi and 
thcre develop into tailless cysticercoids in about 4 days (Fig. 105G). 
On reaching maturity these escape into the lumen of the intestine, 
the stoloces attach themselves, and the worms grow to maturity in 

a ^ u J ' ’ to 0 days. In grain beetles, however, development of the 
tailed cysticercoids (Fig. 105F) takes 12 to 14 days. 

in cz'j. inlections, since the worm is parenterally located during 
uc- elopnv nf of the c> sticcrcoid. immunity develops, but not after 

* >slice.coit! infections. 

• M ON OK in - man and rodent strains. The identity or other- 
Wise of II. nan,, of man and II. nan,, fralcrna of mice and rats has 
"i much disputed. The human infection is relatively rare in some 
localities, especially northern Europe and Canada, where the rodent 
mfechons arc common, and although eggs of human worms will 
develop in rodents, and vice versa, this does not occur as readily as 
u ki. i it- eggs are ingested by the same hosts as those from which 
the eggs were derived. The junior author readily infected himself 
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v with rostdlum retracted; «. same, rostcl- 

F.g. 103 . Hymenolcpis ana.^ . (fc) up; mature segment; £. ripe se«- 
lum exserted; C, roN*cll.«r k. Triboltum; G, cysticercoid in villus of 

men,; F, cyst'ccrcoid m ~y •' * ^ w g BalIcy ., 

mouse intestine, au.ipivu 


with cysticercoids of worms from mice. Shorb (1933, reported dif¬ 
ferences between ~ an inverse correlation 

1 ±rS.‘SE.‘3r?li infections t„n, o, ,U«is -d 
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Trichuris, which depend on human fecal contamination for trans¬ 
mission, but a direct correlation with prevalence of household rodents 
and conditions favoring their access to food, and with such rodent- 
borne infections as plague and H. diminuta. The fact that in our 
southern states H. nana infections are about equally common in cities 
with sewerage systems and in rural areas is also more suggestive of 
dissemination by rats and mice than by human contamination. Pre- 



rig. ir»6. i!n •molvitis fhnfi.utn: \. mature segment; H. scolcx; C, cysticercoid 

* 'rrus cirrus pouch; i.s.c., inner seminal vesicle; 

<' ‘ ' . ''t ' 'i»in ! \ •side: ■!.. i>\ »ry, t tie , vagina; tif.fi., vitelline gland. 


wr.Hon. ii ciore, would see n to depend primarily on preventing 
nice or i.its to food that is to be eaten without further 




" ther seven toxic symptoms, especially in children, 
liarrhea convulsions, epilepsy, insomnia, 
!OMs »s .si’, nade h> finding the eggs in the feces; 

■ I in strong salt solutions. Treatment is 

ern adored on p. .*3-13. 

‘ * ; h-r •*f»ecii*s of II. diminuta. very common in rats 

l|,< 1 parts .1 th world, is much less common in man. 

* s a milc -‘h larger worm Ilian H. nana, reaching a length of 1 to 3 ft., 
with a maximum diameter of 3.5 to 4 mm. The head (Fig. 106B), 
th; t of n« arl) all other species of Hymenolepis, is unarmed, and 
t! ‘ segments (1 106 \) are much broader than long. The structure 

o! mature and ripe* segments is much like that of II. nana. The eggs 
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(Fig. 55 N) are larger (60 to SO in diameter), yellow or yellow- 
brown, and usually spherical. The oncosphere lacks the knobl.ke 
thickenings at the poles, or at best they are rudimentary, and there 

are no filaments. . . 

Like most kinds of Hymenolepb this worm reqn.res an intermediate 
host for the development of its cysticercoids (Fig. 106C). It is satis¬ 
fied with any one of many grain-infesting insects, including larvae and 
adults of meal moths (Pyralis farinalis), nymphs and adults ofeanugs 
(Anisolobis annuli ,,,-.-). adults of various grain beetles such as Ten, bro 
and Triboliun, dung beetles, the larvae of fleas and even ^napod >. 
Human infection results from eating such foods as dried fruits md 
precooked breakfast cereals in which the gram inserts infect, d f on 
rat or mouse droppings, are present. Until about 1925 ^ ™ 

was considered sufficiently rare in man so that ever) instance "« s 
published as an incident worthy of note, but ChaiKUer foimd ^ cases 
in about 10,000 fecal examinations in India and found no less than 
3 in 50 examinations in one locality where the food habits and rat 
population were particularly favorable. He also found 9 ce" e £J 
9%) in examinations of 500 Egyptian villagers. As is usually true 

wfth human tapeworms which belong in ...her host, this worn, ,s 

very easily expelled by anthelmintic treatment and is sometimes 
expelled spontaneously or after a cathartic. 

Dipylidiinae 

. Kmii»h many species of Dipyhdtum have 

Dlpylidun,, .an,nun, XM »™ > ^ a|| ()f ari . Ica ,| y 

been described Venanl ^ ^ ' comlIlon parasite of flea-infested 

one specie s, . • 0 1(M) | lllinan cases, nearly all in 

nnmhn ° f cascs is 

children, >•*'< 0llt . doctor from one Texas city has sent 

undoubtedly " 1 ... li(>in chi|dren for identification. IX 

the senior wri , tapeworm, commonly reaching a length of 

coniiium is a del ca H) no. I scolex and proglottids 

about a foot- The 1*^- |1Instrated in Fig. 107. The uterus first 

are mentioned ||( . Uv()rk , , )Ut , a ter breaks up into egg 

develops as . which remain intact even when the 

balls, end, con am, g 5 to -0 ' M. ]MkU a re the size and shape of 

ZSS't^S-eds and'are often seen squirming actively in the 

freshly passed feces and Pub.) and 

The injoyeux (102.1, observed that the eggs 
could'not hT ingested by adult fleas but arc devoured by the larvae. 




Fig. 107. Pipijlidium caninum: A. ncoIcx, showing rostcllum with 4 rows of 
hooks: B, ros.-thom rostcll.ir hook: C. mature proglottid; D. ripe proglottid filled 
willi egg halls; E, single egg hall. Abbreviations: c.p.. cirrus pouch; c.b., egg 
lulls; cx d., excretory duct; n., lateral nerve; ot., ovary; t., testes; v.d., vas deferens; 
vit.. vlt-llaria. (P, adapted from Hall. Proc. U S. Satl. Mils., 55. 1919. Others 
from Witenberg. Z. Parasiteuk., 19i2.) 


llie embryos hatch in the intestine and bore through into the body 
cavity, where they remain very little changed until the flea has trans¬ 
formed into an adult, whereupon it develops into a cysticercoid which 
infects the final host when the flea is nipped. Children are probably 
infected by having their faces licked by a dog just after the dog has 
nipped a flea. 


Anoplocephalidae 

1 he Anoplocephalidae, the principal characters of which are men¬ 
tioned on p. 355, are very common parasites of herbivorous animals, 
including cattle, sheep, goats, horses, camels, rabbits, rodents, and also 
apes and pigeons. They are often present in verv young animals and 
the incidence of infection may he very high. 

llu life cycle of these worms was one of the outstanding mysteries 
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of parasitology until Stunlcard (1938) succeeded in developing the 
cysticercoids of Moniezia of cattle and sheep in or,baud mites (see 
p 561). The mites (Fig. 108G. H), living about the roots of grass, 
are seldom seen but may be very abundant and are undoubtedly often 
eaten by grazing animals. In a pasture at Beltsv.lle, Md., there were 
estimated to be 6 , 000,000 oribatid mites (Galumna virgituemis) per 
acre, nearly 4% of them harboring 1 to 13 Moniezia cysticerco.ds- 

400 000 potential tapeworms per acre! 

Since Stunkard s work a dozen other anoplocephal.d tapeworms have 
been found to develop in oribatid mites, and probably all members of 
the family do so, now that the former subfamily Lmstowunae has been 
eliminated and elevated to the rank of a separate family The devel¬ 
opment of cysticercoids of typical anoplocephahds ... or.bat.d mites is 

V X!T—‘ <jw 

108B-D) are large worms of cattle, sheep, and goats, reaching 10 ft. 
or more in length, with double sets of reproductive organs ... the pro- 
glottids. Sheep and goats in western United S^es conunon y harbor 
th e fringed tapeworm. Tlnjsaiwsoma uchnwues (F'g- l <)8/ > ™ arac 
terized by fringes on the posterior borders of the segments. Horses 
i i ' but tin* most important arc two rather 

thick w^.^ genus An o„,occ„UM. .1. ,n„ g na, about 

lO in long in the small intestine, and A. perfohata <m \y 1 to 2 m. long, 
in the cecum- Babbits are commonly afflicted by members of the 

zsz&z =£&», <**»-« ( »») 

r:^o™.y is — r ^ 

This worm • . w „ r „, 25 to 30 cm. long and 10 to 15 nun. 

children. It is a tluck^opa ^ ^ #howl , jn Fig . 108 . The ripe 

broad. The . U , >nt , ess ,| iall i mm . in length; they arc 

proglott.ds are ^ ^ or ’._ N|ost of the human cases have occurred 
shed in b ocOcean but the infection appears also to have been 
‘Tn , 1 WeT ndies-a„ example of the danger of introduc- 

estabhshed m th wjlll capHve animals. Stunkard (1940) 
ing foreign . 1 ,. vs ticercoids (0.1 to 0.15 mm. in diameter) in 
orTbatTmitTs'but was unsuccessful in infecting man or monkeys with 
them. 
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t -5- 1©8. AiK'pIn > i'h ilids mil vcvl *rv .A. BertieIIa studeri. mature segment 
■ ’ ■ ' : 1923 l' Monies!a expanse p mature seg- 

I i : iul C, >anu* ieft hall »>f up, %egmeiit taller Fuhrinann from XVardle and 

1 //i« Zoology >/ 7 ij >32). /? egg of Moniezia (adapted from 

1 •’ “» v •• ' II ' n /iof / um/ Entomology, 1949). E, egg, and F f cysti- 
c ' ?rcoid of Bertlclla f (after Stunkard, Am. }. Trap. Med., 20. 1940). G, 
Protoschclolmti Uettii and H Gahimna clrglnlensis, intermediate hosts of 
Mo™ xpansa (after Kates nd Runkel. Pwc. Helm. Soc. Wash., 15. 1948). 

' ! t ip. worm (after Fuhimann in Kikkcnthal, 

llaiulbuch dcr '/onlogic. Vermes \niern). 


The Cestoidea or Tapeworms 


Linstowiidae 

This family, which includes the large genus Oochoristica, with 
species in reptiles, birds, and mammals, contains tapeworms which 
resemble the Davaineidae closely except in having unarmed sco eces. 
The only life cycles known involve beetles. One member of this 
Lily Inermicapsifer arvicanlhulis (= /■ cubensis) (Fig. 109) para¬ 
sitizes’man This worm was first found in children in Cuba by hour,, 
and was named /. cubensis. Over 100 human infections have been 




Fig. 109. Inennicapsifer anicanthkiis 
B, ripe proglottid; C*. scolt-x; />. ««« '-'l'" 
Acta Tropica, 1949.) 


( I. cubensis ). 
lies. (From Baer, 



A, mature proglottid; 
Kouri and Sotolongo, 


, . . i?..;.. t 1950 ) showed that this worm is the 

reported in Cuba . r ^ uQtl jn sma „ rodents in Africa and found 
same as /. (irvicanlhi , Baer (1956) reported it from two 

a few times ,n h,nnanS i concluded that the worms had been confused 
humans in Mauritius and«> all(l #hould be called /. 

in the past with a, ^ do not feel that Baer has resolved the 
rm/dflgrtscarieniis j „ K . name 1. arvicanlhulis. The worms 

confusion and pre tc r i ts being 3 to 4 mm. long and 

are 2 to 3 ft. long, ie probable that the worm was 

1 10 ,* T m tub , n olnts from Mrica. for all the other dozen 
or'stspecies' of ^Licapsifer are parasites of hvraxes or rodents 

Africa. 


Davaineidae 

The majority of the tapeworms in this family arc 
and several are common and in.urious parasites 


parasitic in birds, 
of poultry. The 
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general characteristics are given on p. 354. The cysticercoids of the 
chicken parasites develop in various intermediate hosts: the minute 
but injurious Davainea proglottina in slugs; Raillietina tetragona in 
maggots of the housefly; R. echinobothrida, another particularly patho¬ 
genic species, in an ant; and R. cesticillus in various beetles. Phenyl- 
mercuric compounds in a dose of 50 mg. are effective against R. 
cesticillus but not against the others. 

A number of cases of human infection with worms of the genus 
Raillietina have been recorded from various parts of the world— 
in seaports around the Indian Ocean and South China Sea from 
Madagascar to Queensland to Japan, in Cuba, and in Guiana and 
Ecuador in South America. The human cases undoubtedly repre¬ 
sent accidental infections with species parasitizing local wild ani¬ 
mals. 

For many years all the Old World cases were referred to the 
species R. madagascariensis, but Baer and Sandars (1956) concluded 
that most of these were actually R. cclcbcnsis, which is primarily 
a parasite of rats. The South American forms, reported from Guiana, 
Ecuador, and Cuba were considered by Baer and Sandars to be 
R. demerariensis (Fig. 110), a parasite of howler monkeys and 
rodents. There is reason to believe that Raillietina and Inennicapsifer 
infections in humans have been confused in the past. Chandler and 
Pradatsundarasar (1957) reviewed the taxonomy of Raillietina from 
man and concluded that most specific identifications have been made 
from quite inadequate material. These authors described a new 
species, Raillietina siriraji, from children in Bangkok, recognizing 
die probability that they were dealing with some species previously 
recovered from humans. 


i hose species of Raillietina are slender worms reaching a length 
of 1 to ■; it., with a maximum width of 3 to 8 mm. All the genital 
pores arc on one side. The scolex has a double crown of small hooks 
J ig. 110, 7), and the suckers are armed with a number of rows of 
minute spines. 1 lie ripe proglottids are usually squarish or elongate 
and contain about 100 to 100 egg capsules, each with several elongated 


eggs. 


1 licre is no question but that these worms utilize some arthropod 
as an intermediate host. 


Mesoccsfoididae 

'Ihe genus Mesocestuides has the peculiar characters listed for 
" i ' < s ‘ lo,< hdae on p. 354, including a posterior paruterine organ or 
egg ball (i* ig. 110, *4-6). The number of species has been much 
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disputed, since the worms show considerable variation and there are 
no good differential characters. The entire life cycle .s unknown 
S,,a%anum -like larvae called tetrathyridea occur free or encysted . 
rcptUes, birds, and mammals, but these are probably second larval 


m 


m 


nr 


0.5 mm. 


1 mm 


1 mm. 


.. II- . front mail in Ecuador (K. dcmcraricnsls ?): 
FI B . HO. Upper row, ' ■ |50 >llia || books, and minute spines on 

1, scolex. with tlo.ihle «« “ • , oltid . „itl. about 2(H) to .TOO egg 

suckers: 2, mature ^, U . r drawings and description by Doll- 

capsules, each with an 1959-1940.) Lower row , Mcsoccstoltlcs 

fus, Ann. Parasitol. hum. c tomp.. * s | |mvinu s |it-like openings of suckers; 
vorlabilis. from child ^ liim K a nd ovaries posteriorly; cim.s pouch 

5, mature proglottid, sho u > , vagina; and testes on !>oth sides of 

near center; <!<:d. showing egg ball, remnants of uterus, and 
^rl^a^. Am. /. T,o,, *«*. 22. .942.) 

Tb,. first human infection with a Mcsoccsloides was reported 
stages. ^ejn- t bum ^ ^ t .,, jia in cast Texas. The worms, 

by Chandler ( 19 «) ;m(1 about 16 mm . wide, are probably 

estimated P to 40. skunks, raccoons, and dogs 

rtti sX SU—r * 

Greenlander in Denmark. 
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ACANTHOCEPHALA 
(SPINY-HEADED WORMS) 


As noted on p. 240. the Acanthocephala have usually in the past 
been attached as a rider to the Nemathelminthes for want of a better 
place to put them, but as Van Cleave (1941) pointed out, they have 
much more affinity to the Platyhclminthcs, particularly the Cestoidea, 
both in structural characteristics and in life cycle. Van Cleave (1948) 
raised them to the rank of a phylum. They are all intestinal parasites, 
found in all classes of vertebrates, though especially common in fishes 
and birds. They are remarkably uniform in general anatomy, life 
history, and habits. 

Morphology. 1 .ike tapeworms. Acanthocephala are devoid of an 
alimentaiy canal throughout their lives. The body is divided into a 
posterioi trunk and an anterior presoma, consisting of a spiny proboscis 
and unspined neck. In some the neck is a short transitional area; 
in others it m v be long and conspicuous The trunk and presoma are 

inarc ited by an infolding of the cuticula and the derivation from the 
lypid- ims ol two elongate structures of unknown function called 
icr.’.uisci l Fig. 1114 which lie in the body cavity. The proboscis, 
and oil. n 'lie* nm k . ^o, is in most species retractile into a proboscis sac 
o» receptacle by being turned inside out. and the whole presoma is 
also roll tcliie. v t inversion, into the fore part of the trunk by 
means ot special n tractor muscles inserted on the trunk wall 
(l ig. 111.4. i.m ). The armature of the proboscis varies from a few 
to a great many hooks which are usually in radial or spiral rows; 
in long proboscides tin y appear to be in longitudinal rows with 
quincunxial arrangement (Fig. 113). 

I he body is covered w ith a cuticle under which is a syncytial hypo- 
dermis or subcuticula. In more primitive forms this has a small 
number (6 to 20' of large oval or ameboid nuclei; in some forms 
these break up into numerous nuclear fragments. The hypodermis 
also has a closed lacunar system of longitudinal and transverse 
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length of the body cavity of the trunk, single in males and in females 
of the order Palaeacanthocephala, but divided into dorsal and ventral 
ones, communicating anteriorly, in females of the other orders. The 
males (Fig. 111B) have two testes, behind which are cement glands, 
usually 4 to 8 large unicellular glands but sometimes a syncytial mass. 
Behind the cement glands in some Acanthocephala is a saclike struc¬ 
ture called Saefftigen’s pouch, through which, in most Acanthocephala, 
run the sperm ducts and ducts from the cement glands before they 
unite at its posterior end. At the posterior end of the worm there 
is a muscular bursa which can be protruded or retracted into the body. 

In females (Fig. 111C) an ovary is present only in early stages of 
development, later breaking up into masses of cells which continue to 
multiply and produce ova. These float free in the ligament sacs, 
being retained in the dorsal one in the Eo- and Archiacanthocephala, 
but liberated into the general body cavity by a disintegration of the 
single sac in the Palaeacanthocephala. Near the posterior end is a 
complicated structure called a uterine bell, into the wide-open anterior 
end of which the eggs are drawn. It acts as a sorting device; the 
smaller immature eggs are returned to the body cavity or into the 
ventral ligament sac through lateral openings, while the mature eggs 
are passed back through an oviduct to the posterior genital opening, 
lhc eggs, when ripe, contain a mature embryo called an acanthor 
surrounded by three envelopes, the outer of which often has shapes 
or markings useful in identification. 

Life cycle. The life cycle involves an intermediate host, which is 
usually an arthropod: small Crustacea for parasites of aquatic verte¬ 
brates; grubs, roaches, etc., for those of land animals. When the 
embryonated eggs (Fig. 112A) are swallowed, the spindle-shaped 
acanthor (Fig. 112/1), usually armed with rostellar hooks and small 
body spines, hatches and bores into the intestinal wall, eventually 
reaching the body cavity. Meanwhile it grows and undergoes a 
gradual transformation; as development proceeds, the proboscis, pro¬ 
boscis sac. lemnisci, and rudiments of the sex organs are laid down. 
For this series of stages (Fig. 112C, D) leading up to the infective 
form Van Cleave applied the name “acanthella.” A number of workers 
have applied this name to the fully developed infective larva, and 
Moore (1946) applied the name “preacanthella" to the earlier pre- 
infcctive stages, but \ an Cleave insists that his name acanthella should 
apply only to these pro-infective stages, and that the infective form 
should be called a juvenile.” Since, however, “juvenile” is also 
applied to the re-enevsted forms in secondary transport hosts, a new 
name is needed for the fully developed infective form. For this the 
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name “cystacanth” lias been proposed. Tlie cystacanth (Fig. 112E) is 
enclosed in a delicate hyaline sheath produced by the larva. The 
proboscis is fully formed but inverted, and the reproductive organs 
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foration of the gut wall and precipitate a fatal peritonitis. In heavy 
infections, loss of appetite and interference with digestion may lead 
to unthriftiness. Dogs and coyotes infected with Oncicola (see p. 388) 
are said sometimes to develop rabieslike symptoms, suggesting the 
possibility of transmission of a virus by the worms. Grassi and 
Calandruccio in 1888 reported acute pain and violent ringing in the 
ears experienced by the junior author 19 days after infecting himself 
with Moniliformis larvae. 

Burlingame and Chandler (1941) showed that, as with some adult 
tapeworms, no true immunity to Acanthocephala is developed, resist¬ 
ance to reinfection being primarily a matter of competition for food 
and for favorable locations in the intestine. 

Classification. The Acanthocephala constitute a small group of 
about a dozen families and about sixty genera which are quite widely 
divergent from other groups of worms but which are remarkably 
uniform among themselves, both in morphology and life cycle. Once 
placed in a single genus, Echinorhynchtis , they were later (1892) 
divided into several families, then (1931) into two orders, which 
were expanded to three in 1936 and finally elevated by Van Cleave 
(1918) into a phylum containing two classes and four orders: class 
Mvtacanthoccphala with the orders Palaeacanthocephala and Archi- 
aeanthoceph.da, and the class Eoacanthocephala with the orders Gyra- 
canthoccphal.t and Neoacanthocephala. 

To the senior writer the characters used by Van Cleave for differ¬ 
entiating these groups seem trivial. For example, in the table of 
characters given for distinguishing the orders, the only one in which 
lie Cvracanthocephala and N'eoacanthocephala differ is the presence 
or absence of trunk spines, and even this character is variable in one 
ol I be other oiders. No good character is presented for differentiating 
the two classes. For the present, therefore, we prefer to consider the 
\c anthocnphala as constituting a single phylum with three groups, as 
proposed by Van Cleave in 1936, tl tough we consider even this rather 
extreme. 

1. Pnl iruranthorcphala. Proboscis hooks usually in long rows; spines 
present or. trunk; nut U i in hypodermis usually fragmented; chief lacunar 
vessels in hypodermis latei ll; single ligament sac in 9 often breaks down; 
separate cement glands; eggs spindle-shaped, tliin-shelled; mostly in fishes 
and aquatic birds and mammals, cystacanth in Crustacea. 

2. Foaeantlioccpliula. Proboscis hooks usually in a few circles; trunk 
spines present or absent; nuclei in hypodermis few and large; chief lacunar 
vessels dorsal and ventral; distinct dorsal and ventral ligament sacs in 9; 
syncytial cement glands; «gg> ellipsoidal, thin-shelled; parasitic in fishes, 
except one in turtles, cystacanth in Crustacea. 
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3. Archiacanthocephala. Proboscis hooks either in long rows (e.g.. 
Moniliformis ) or in a few circles (e.g.. Oncicola and Macracanhorhynchmh 
no spines on trunk; nuclei in hypodermis few and large; chief “cunar vessels 
dorsal and ventral; dorsal and ventral ligament sacs persist in 9. separate 
cement glands; eggs usuallv oval, thick-shelled; protonepl.ridia present m 
some; parasitic in terrestrial vertebrates, cystacanth in grubs, roaches, etc. 
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of the intestinal wall, from which they eventually drop into the body 
cavity (Moore, 1946). The half-grown acanthella lies straight and 
has very broad ectodermal flanges (Fig. 112C), but with further devel¬ 
opment it bends V-shaped in its cyst (Fig. 112D), the body proper 
elongating and thickening until the flanges become inconspicuous. 
When fully developed, after 7 to 8 weeks, the cysts are about 1 to 1.2 
mm. long and the cystacanths (Fig. 112F) 1.5 to 1.8 mm. long. In 
Europe a beetle ( Blaps) has been involved as an intermediate host, 
but the form found in wild rodents in Europe is not identical with that 
found in rats in the United States and South America. 

Sandground (1926) found numerous immature specimens in the 
intestines of toads and lizards, where they had evidently attached 
themselves after being eaten with the intermediate hosts. Considering 
the propensity of Acanthocephala for re-establishing themselves as 
larvae in abnormal hosts, human infection might be possible without 
postulating the eating of roaches or beetles. 

Macracanihorhynchus. The only other spiny-headed worm which 
has been recorded from man is the relatively huge species. Macracan- 
thorhynchus hirudinaceus (Fig. 113B), commonly parasitic in pigs. 
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sometimes suffer from Prosthenorchis infections, which are native in 
South American monkeys but spread to other species. 

Treatment. Almost nothing is known about anthelmintics for 
Acanthocephala. Sodium fluoride given pigs to eliminate Ascaris does 
not affect Macracantliorlnjnchus. Lai performed some experiments 
on Acanthocephala of fishes in vitro and found that CC1 4 , C 11 SO 4 , and 
thymol killed at 0.05';, but Santonin did not at \ f /<. Extract of male 
fern removed Moniliformis in an experimental human infection. 
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THE NEMATODES IN GENERAL 


The nematodes constitute a large group of worms of comparatively 
simple organization, nearly all of which are total strangers to everyone 
hut zoologists, although they play extremely important roles in the 
economy of nature. Popular ignorance of these animals is, as Cobb 
rcma hi d. easy to understand since they are seldom if ever seen; they 
do not supply food, raiment, or other valuable material; they are not 
ornamental; they do not delight our ears with their songs or other- 
amuse us; and they tail even to furnish us with classic examples of 
mchi.striousness, providence, or other virtues, although they might well 
be extolled by large-familv enthusiasts. Thus avoiding the popular 
:n< light, they do, nevertheless, unobtrusively leave their marks in the 


world. I hey have been able to exploit every conceivable aquatic and 
terrestrial habitat, including ice fields in Spitzbergen and felt mats 
soaked with beer in German public houses. Most plants are para¬ 
sitized by nematodes, and probably every species of vertebrate animal 
0,1 the earth affords harborage for nematode parasites. Stoll (1947) 
est ! » e ci million human nematode infections in a world harbor¬ 
ing 2-00 million human inhabitants, a tribute, as he said, to the 
variety and biological efficiency of nematode life cycles. Only about 
a dozen spi les are important human parasites, although over fifty 
species have been known to make their homes in the human body 
occasion !!y. 

Relationships. I he Nematoda constitute one of six classes included 
by Hyman (1951) in the phylum Aschelminthes (see pp. 239-240). 
The majority of the estimated 500.000 species are free-living in soil 
or water, including the oiun »thers, many closely related to these, 
have become parasitic in arthropods, mollusks, or' plants. Some of 
the plant-parasitic forms do inestimable damage to crops. Most of 
the forms that are free-living or that find harborage in invertebrates 
or plants are barely visible to the naked eye, and are transparent 
enough so that every structure in the body can be observed as if in a 
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glass model. These forms have very simple life cycles. The species 
parasitic in vertebrates, on the other hand, are often veritable giants, 
some up to several feet in length, and may have much more compli¬ 
cated life cycles. 

The parasitic forms have without doubt evolved from more than 
one type of free-living form and do not, therefore, represent a single 
branch of the class Nematoda, which can properly be classified inde¬ 
pendently of the free-living forms. This, however, is what has been 
done in the past, for students of the nematodes parasitic in vertebrate 
animals had little knowledge or interest in the free-living forms. Only 
since about 1935 have attempts been made to reconcile these two 
estranged sections of the nematode clan. 



FI B . 114. Diagrams of 9 and g of free-living nematode of RlmUUth iv pe. 
a., anus; cl., cloaca; cl.l.. cloac.il tube; esophagus «./>.. es..,.l,ac. I bull M 
intestine; m.. mouth; n.r., none fine: or ovary; r.. rectum sp.. p.cul.- a 
seminal vesicle and sperm duct; I.. tail; tcs.. testis; u,.. uterus; e.. sub a. re, 
vagina 


General structure. A typical nematode is ;m elongated, cylindrical 

worm, tapering more or less at head and tail ends.. encased ... a 

very tough and impermeable transparent or semitransparent mtiu 
(Fig. 114). This cuticle is not chitin, like the cuticle of arthn pods, 
since it is soluble in potassium hydroxide, but nematodes do have 
true chitin in the egg shelLs. Usually the cuticle is marked externally 
by fine transverse striations; it may have other inconsp.cuous marking* 
and sometimes has bristles, spines, ridges, or expansions of var.om 
kinds. In some parasitic forms there are finhke expansions m he 
neck region, in others in the tail region of the males, the lattu com 
monly supported by fleshy papillae; they are known respccu .> as 
cervical and caudal alae. In the Strongylata there is a l>ell-s 'P« 
expansion at the posterior end of the males supported b > 1 ^ 

conforming in number and arrangement to a defin.te plan: this s cal cd 
a bursa. The cuticle is secreted by a protoplasmic syncytial layer 
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called the hypodermis, in which no separate cells can be distinguished. 
Nuclei are present only in four thickened chords or “lines,'’ one dorsal, 
one ventral, and two lateral. In these chords run nerve fibers and, in 
some species, canals connected with the excretory system. 

Between the chords there is a single layer of longitudinally spindle- 
shaped muscle cells of very peculiar structure. In small transparent 
worms the striated part of the muscle cell is limited to the part of the 
cell in contact with the hypodermis, and only a few, often only two, 



Fig. 115. .A, cross-section of Ascaris, a polymyarian nematode, in prcvulvnr 

region cut., cuticle; </./., dorsal line; ex.d., excretory duct: in/.. intestine; /./., lateral 
line; in ■. 'trialed contiactilc portion of muscle cell; m.-\ protoplasmic portion of 
muscle cell; u nerve fibers. (After Brandos, adapted from Fantham, Stephens, 
and I licohuld.) If, cross-section of esophageal region of Ascaris; C, of Tricliuris. 
In Ascaris note the triangular lumen and thick muscular walls of the esophagus, 
and the numerous muscle cells in l>ody wall. In Tricliuris note the greatly 
reduced esophagus imbedded in tlu- protoplasm of a large cell, and broad, Hat 
imiicle cells on body wall. (Ascaris. original; Tricliuris, adapted from Chitwood.) 


flat muscle cells are in each quadrant of a cross-section. In larger 
and more opaque worms, however, the muscle cells in each quadrant 
become very numerous and in cross section have a flask-shaped ap¬ 
pearance, with the striations along the “neck" of the flask as well as 
at the base oi the cell (Fig. U5.A). Worms with these two types of 
musculature are said to be “meromyarian" and "polymyarian,” respec¬ 
tively, but there are all gradations between them. Contraction of 
these elongated muscles causes a twisting or bending of the body. 
Special muscles occur in the esophagus, ovejector, etc., and for moving 
the spicules of the male. 

Between the muscles and the gut wall is a relatively spacious body 
cavity, or pseudococloin. in which the reproductive organs lie, un¬ 
attached except at their external openings. Tins cavity is not lined 
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by an epithelium as is a true coelom. It contains a fluid which serves 
as a distributing medium for digested food and for collection of 
waste products. It is provided with a small amount of “mesenterial” 
tissue and a few large phagocytic cells called coclomocytes. 

The nervous system consists of a conspicuous “nerve ring” around 
the esophagus, from which longitudinal nerve trunks run forward and 
backward. A few special sensors organs are present; at the anterior 
end are a pair of supposedly olfactory receptors called amphids, and 
in some a similar pair, called pitas,nids. is situated on minute papillae 
behind the anus. These differ from ordinary tactile papillae in having 
canals connected with glandlike structures. There are tactile papillae 
about the mouth, a pair in the neck region of many forms (called 
deirids), and paired caudal or genital papillae in the males of many 

forms. , . . . c 

The excretory system is variable. Almost the only constant fea¬ 
ture is a pore opening on the mid-ventral surface m the esophagea 
region; in some forms even this seems to be ah-eut. A well-deseloped 
excretory system such as occurs in Rlmbdilis consists of an Il-haped 
system of tubes, the middle of the crossbar of the 11 being connected 
with the pore and the limbs lying in the lateral chords. n addition 
two subventral gland cells open into the pore. In teams the poster,m 
limbs are well developed; in some the system is reduced to 
U or is developed on one side only. In some free-hving nema de 
the excretory system is reduced to a single glandular ce 
in 1929 expressed the opinion that excretion takes p'ace through 
cuticle and that the so-called excreton system ,s tea' 1r _ 

There is no circulatory system, and r, spiral,on is through the cuticle 

possibly through the alimentary canal. 

The mouth is variously modified. The primitive type ... free-Mng 
nematodes is a simple opening surrounded by three hps, one <os *l 
two lateroventral. This is retained by many groups of paras ... -unv 
including Strongyloides, oxyurids. and ascands. In some forms^ t g 
the filariac and their allies, the lips har e disappeared, but > ^ 

lateral lips, sometimes with a dorsal and ventral one also have r. pk d 
the primitive three. In still others, especially some of the S -ngy a a, 
the mouth has been highly modified into a buccal capsule »h ch 
may be supplied with such embellishments as crowns of 1, afhk. 

processes, cutting ridges, teeth, and lancets. 

The mouth, or buccal capsule, leads into the digest,xe camd- Jh« 
is a Simple tube leading from the anterior mouth to an am- --->"> _• 
short distance from the posterior end It iimsis s o , - j iatc 

esophagus and an intestine. The esophagus has a ch,.m,,«d tnrnd.ute 
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lumen usually surrounded by muscle or gland cells (Fig. 115B), and 
ordinarily it has three esophageal glands embedded in its walls. In 
the suborder Trichurata, however, after a short anterior region the 
wall is greatly reduced and the lumen of the esophagus appears to 
pass like a capillary tube through a column of large cells (Figs. 115C 
and 116). Chitwood showed that these cells open by minute ducts 
into the esophagus, and he interprets them as reduplicated esophageal 
glands. This column of glandular cells is called a stichosome. Some¬ 
times the posterior end of the esophagus enlarges into a bulb provided 
with valves (Fig. 114). 

I he intestine is a flat or cylindrical tube, usually straight, and is lined 
by a single layer of cells (Fig. 115A). In some forms, like the 
strongyles, it is lined by only IS to 20 cells in all, whereas in Ascaris 
there are about a million. At the posterior end there is a chitinized 
Vi l,nr n l' 1 females the intestine has a separate anal opening, but in 
the intestine and reproductive system open into a common 

cloaca. 


UeprodunWe systems. With rare exceptions parasitic nematodes 
' • separate sexes, which are externally distinguishable; usually the 
are smaller, and they differ in the form of the tail. In one 
instance the male lives as a parasite in the vagina of the female! In 
’-oth se xes the reproductive system consists primitively of long tubules, 
part or which serve as ovaries or testes and part as ducts (Fig. 114). 
In all parasitic nematodes the male system is reduced to a single 
tu >ule, but the female system is double with rare exceptions and in a 
few cases is further reduplicated. The inner ends of the tubules are 
line, coiled tlucadlikc organs closed at the ends, which produce the 

7 , “ >>«<»»*• eggs or sperms. These sex glands open 

,:, Uv " continuous part of the same tube, usually larger in 

calibei, caked the uterus or vas deferens, as the case may be. The 

walls ot tli.’ uterus appear to supply the yolk and shell material for 
the egg. 

In the male tlu- single vas deferens usually has an enlargement or 
seminal scmc Ic, followed l.y a muscular ejaculatory duct which opens 
nito the cloaca. Males normally have a pair of sclerotized “spicules.” 
wluch he in pouches dorsal to the ejaculatory duct near the cloaca. 
Ihc> are capable ol exsertu,,, and are used to guide the spenns into 
he vagma ol the lemale at the time of copulation. There may be a 
.lord smaller scl. ro.ized body <(r accessory piece called a guber- 
naculum. The size and shape of the spicules van- greatly in different 
kmds of nematodes and are often very useful in identification. In a 
few forms one or boll, spicules may be missing. 
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In the females of simple types of nematodes the two uteri come 
together near the middle of the body and open into a single vulva 
(Fig. 114). In most parasitic forms, however, the uteri first unite into 
a common tube, the vagina. Frequently the vagina or the branches of 
the uteri have enlarged, thin-walled chambers which serve as seminal 
receptacles, and also muscular ovejcctors which by a peristaltic action 
force the eggs through to the vulva one at a time. The vulva in dif¬ 
ferent species may vary in position from just behind the mouth to a 
point just in front of the anus. 

Development and life cycle. The development of nematodes is 
a comparatively simple process. The original egg t ' ol '- aftor bci '' s 
enclosed in a membrane or shell, segments into 2. 4, 8, 16, etc., cells, 
until it forms a solid morula. This then begins to assume a tadpole 
shape and become hollow inside, and then proceeds to form an elon¬ 
gated embryo provided with a ample digestive trac t After ten con¬ 
secutive cell divisions, in the later ones of which not all the cells 
participate each time, the definitive form of the first larval stage is 
reached. Thereafter development proceeds more slowly and. as in 
insects, is punctuated by a series of molts, normally four, although in 
some forms one or two molts may occur in the egg before hatching 
Although the successive stages differ in details of structure they are 

never totally unlike each other. . 

The state of development at -he time the eggs are deposed varies 
greatly apparently depending upon different oxygen requirements for 
development. Some leave the mother s body ....segmented (Asrrirts 
and Trichum ); so..,.- in early stages of segmentation (hookworms 
and their allies); some in the tadpole stage ( Lnterobius), and some 
as fully developed embryos ( TrichincUo. Stroneylouks, and filarme). 
Usually no further development occurs until the eggs or embryos 
have reached a new environment, either outside the body or m an 
, . . i*(* 1)1 in the case of I ricliiticlla, the embr>os <>l 

whkh find 'their new environment in the muscles of theparent.ilhost 

egg or a < i> infective for another definite host. 

^I^S^'.age. it ceases to grow or develop until 

transfer to a new host ''“^i,, which the embryona.ed eggs 

The simplest type of l^ cyck -s ^ ^ ^ stap . 

are sw.» o\\c y develop to maturity there, only burying 

h » tch "'“v 1 mucous membranes, e.g.. Entcrobius and 

sxfn* h - gh h,,s,s 
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body via heart, lungs, trachea, and esophagus, and thus back to the 
intestine, e.g., Ascaris. This life cycle may be modified by the first- 
stage embryos hatching outside the body and growing and developing 
to the infective stage as free-living larvae, then re-entering the defini¬ 
tive host by burrowing through the skin, e.g., hookworms, or being 
swallowed with vegetation, e.g., Haemonchus. 

Strongyloides reproduces parthenogenetically and may intercalate a 
generation of morphologically different free-living males and females. 
Trichinella produces embryos which penetrate into the host’s body 
and encyst in the muscles to await being eaten by another host, thus 
substituting the original host for the outside world as a place for pre¬ 
liminary partial development. The filariae and their allies (suborder 
Spirurata) substitute insects or other inveitebratcs as a place for 
partial development, thus requiring a true intermediate host. A few, 
**•$»•» nalhostotna, require two intermediate hosts, the larvae develop¬ 
ing first in a Cyclops, continuing in a fish or other cold-blooded verte¬ 
brate, and reaching sexual maturity in a mammal. Some nematodes, 
after having reached an infective stage, can re-encyst if they get into 
an unsuitable host. 


Tim methods of escaping from and re-entering a final host vary in 
accordance with the modifications in the life cycle. 

Classification. The classification of nematodes is still in a very 
unsettled state. Ibis is partly due to the process of promoting nema¬ 
tode groups to higher ranks as more and more species are described. 
I* ami lies or even genera of a few years ago are now superfamilies, sub¬ 
orders, or orders, according to the willingness of helminthologists to 
lecognize the promotions. The classification has been subjected to a 
veritable earthquake by attempts, which must sooner or later be recog¬ 
nized, to combine the classification of free-living and parasitic groups 
in a single coordinated whole. Chitwood has done most in reconciling 
these two estranged groups and has evolved a classification which 
embraces them both, but Chitwoods conclusions will probably have 
to undergo some ripening and confirmation before parasitologists in 
general will accept this nematode classification. 

In the first place, he divides the entire class into two subclasses, 
I hasmicha and Aphasmidia. for the fundamental characters of which 
the student is referred to Chitwood and Chitwood. The Phasmidia 
include the majority of soil nematodes, as well as most of the forms 
parasitic m insects and vertebrates, whereas the Aphasmidia include 
mamly aquatic forms and a few parasitic ones-tlie Trichurata, mer- 
mithids, and Dioctophymata. The further division of these subclasses 
into orders involves some unfamiliar names, which mav not survive the 
limelight of publicity, so we omit them and give only the more or less 
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familiar suborders and superfamilies. As an ad interim classification 
the following is suggested: 


1 . 


2 . 


Subclass Apliasniidia. No phasmids (caudal sensor)' organs); amphids 
much modified externally except in parasitic forms; excretory 
system rudimentary or absent; coelomocytes and mesenterial tissue 
well developed. 

Suborder Trichurata. Esophagus a very long, fine tube embedded 
for most of its length in a column of glandular cells; females with 
one ovary; males with one spicule or none. Includes Indians, 
Trichinclla, and Capillariii. 

Suborder Dioctopliymata. Large worms; esophagus cylindrical; fe¬ 
male with one ovarv; male with one spicule and a terminal sucker; 
no excretory system. Includes kidney worm (Dioctoplnjma). 
Subclass Pha-midia. Pb^mkls present; ampl.ids simple pores; excretory 
system present, not rudimentary; coelomocytes (6 or less) and 
mesenterial tissue weakly developed. 

1. Suborder Rlialxlitala. Small, transparent, meromyanan worms; 
esophagus usually with one or two bulbs: mouth simple oi with 
3 or 6 minute lips or papillae; no specialized ove,ectors and vagina 

spicules;'tail of male not spirally coded but usually curled ven- 
trallv- no true bursa, but alac may be present. 

Supcrfalniiy 1 • 

without a bulb. Includes Ascarh and lUtcrakis. 

Supe2 i.fl ^yuroidea 

Z ^ Mbcd; tail of female usual., slender and 

3 . S ub,!:t"t„:s *£ 25 i?ss 

SAESheW and colorless. Includes bookworms, strongylcs. 

a-nTtutrr^ P- ... -** 

Supcrfamily "Tirpw^^'Urblieo^s^ 

part o" body;'males wi.b spirally coiled tail with broad alae sup- 
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ported by papillae; eggs usually escape with feces and are eaten 
by intermediate host. Includes Gongjlonema, Gnathostoma, and 
Physaloptera. 

Superfamily 2. Filarioidea. Slender, delicate worms; mouth usually 
simple, without lips and rarely a vestibule; females with vulva far 
anterior; males small with coiled tails with or without alae, but 
always with papillae; usually give birth to embryos which swarm 
in blood or skin and develop in bloodsucking insects. Includes 
filariac ( Wuchereria , Onchocerca, etc.). 

5. Suborder Camallanata. Mouth simple or with lateral jaws; posterior 
part of esophagus with 1 or 3 large nuclei; requires intermediate 
host. 

Superfamily 1 . Drucunculoidea. Mouth simple, surrounded by cir¬ 
clet of papillae; alimentary canal and vulva atrophied in adult 
females; males much smaller than females; embryos evacuated 
through burst uterus and mouth. Includes guinea worm ( Dra - 
cnnculus). 
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TRICHURIS, TRICHINELLA, 
AND THEIR ALLIES 


SUBORDER TRICHURATA 

The worms belonging to the suborder Trichurata differ strikingly 
from all other nematodes in th appearance of the esophagus, which 
consists of a fine capillary tube embedded in a long column of single 
cells which form a stn.et.ire called a stichosome, and which are 
believed to function as esophageal glands. The anterior portion of 
the body, containing only tie esophagus, is always very fine and 
slender and in son..- forms is sharply demarcated from the relatively 
coarse posterior part of the body containing the intestine and repro¬ 
ductive organs. The vulva ope ns either at the end of the esophagus 
or anterior to this point. The eggs, if produced, are easily recog¬ 
nizable by their barrel shape with an opercular plug at each end. 
Trichinella, however, forms no egg sh. Ils. and the embryos hatch 

before birth. _ , 

The families and principal genera of this suborder are differentiated 

as follows: 

Tricl.uri.Juc 9 oviparous; -1 with protrusible spiny spic.lar sheath and 
Trfcfc«ri" y Anterior 1 portion of laxly much more slender than posterior; 

CanUlarZ’' rn A ntcrior I-.n-n slender but no. sharply different from 

posterior; fine, hairlike worms. . , . . 

Trichinelliduc. 9 viviparous; t with no spicule or sp.cule sheath; con- 

tains Trichinella only. ... . , 

Trichonomoi.li.lac 9 oviparous; 6 paras.t.c m vag.na of 9; in urtnary 
bladder of rodents; 1 genus, Tnchosomoides. 

Trichuris or Whipworms 

The whipworm derives its name from its whiplike form, having a 
thick posterior part of the body containing the reproductive organs 
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and a longer lashlike anterior part occupied only by the slender 
esophagus. The name Trichuris means "thread tail” and was given 
before it was recognized that the slender part was really a head and 
not a tail. Someone else more appropriately named the worm 
T richocephalus (thread head), but since the other name was given 
first it must be used, in spite of its reflection on the inaccurate observa¬ 
tion of its originator. 

Whipworms are common inhabitants of the cecum and large intestine 
of many animals, including dogs, rodents, pigs, and all sorts of rumi¬ 
nants, as well as man and monkeys. Schwartz concluded in 1928 that 
the whipworms of pig and man are identical and that the whipworm 
commonly found in apes and monkeys is also the same species. The 
human species, Trichuris trichiura , has a world-wide distribution and is 
very common in the moist parts of warm countries. It usually inhabits 
the region of the cecum and appendix but sometimes lives in the 
sigmoid and rectum also. It buries its slender head in folds of the 
intestinal wall, occasionally threading it into the mucous membranes. 

Morphology. The whipworm has a length of 30 to 50 mm., of 
which the threadlike esophageal portion occupies about two-thirds. 
The mouth has no lips but is provided with a minute spear. The 
males are a little smaller than the females and can be distinguished 
by the curled tail end of the body (Fig. 116C). They have a single 
long spicule, retractile into a sheath with a spiny, bulbous end. Unlike 
the condition in most nematodes, the ejaculatory duct (distal part of 
the sperm duct) joins the intestine a long way from the anus, forming 
a cloaca! tube. This joins the spicular tube, containing the spicule 
ane its sheath, also at some distance from the anus (Fig. 116/i). The 
vuba of the female (Fig. 116.4) is at the junction of the two parts of 
tlu body, the single uterus contains many of the barrel-shaped eggs 
(l ig. 116D), which measure about 50 by 22 M and are unsegmented 
when they leave the host. 

Lilc cyrlv and epidemiology. The life cycle is very simple. The 
eggs cc v, lop s.owly; even when kept moist and warm they require 
, to b wenks for the embryo to reach the hatching point, and under 
less favorable conditions they may be delayed for months or even 
years. The eggs are less resistant to desiccation than are those of 
AttY/m, and nearly all die within 12 days when dried on a slide, even 
m a saturated atmosphere. Epidemiological evidence shows that a 
high incidence of Trichuris infection is always associated with an 
abundance of moisture in the soil, due either to a heavy and well- 
distributed rainfall or to dense shade. Infection may result from 
polluted water or from hand contaminations from polluted moist soil. 
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In the United States Trichuris infections are more “spotty” in distribu¬ 
tion than Ascaris and occur abundantly only in places where there is 
more or less door-yard pollution, dense shade close to the houses, a 
heavy rainfall, and a dense clay soil to conserve the moisture. These 
conditions are met in southwestern Louisiana and in the southern 
Appalachians. 

When embryonated eggs are swallowed they hatch near the cecum, 
the embryos burrow into the villi for a few days, and then take up their 
residence in the cecum, where they mature in about a month. The 
worms live for a number of years, and therefore infections build up 
gradually and do not show seasonal fluctuations. 

Pathology. Trichuris infections often produce no obvious symp¬ 
toms, since frequently only a few worms are present, but sometimes 
the whole lower part of the colon and rectum may have a film of 
squirming Trichuris. Such heavy infections may be suggestive of 
severe hookworm disease. Symptoms observed are loss of appetite, 
nausea, diarrhea, blood-streaked stools, weakness, loss of weight, 
anemia, cositiophilia, abdominal discomfort, emaciation, and sometimes 
fever. Prolapse of the rectum is common in chronic cases. According 
to Jung and Beaver (1951) symptoms may always be expected when 
the egg count is 30,000 per cc. or over, indicating several hundreds of 
worms; in undernourished children the pathogenic threshold is un¬ 
doubtedly lower. Kouri and Valdez Dias (1952) report massive 
infestations in children 1 to 5 years old in Cuba, in whom the vomiting, 
diarrhea, and emaciation may cause death. In mild cases Swartz- 
’ « '• 1 1938) found abdominal discomfort or pains, suggestive of 

appondic itis, to be the commonest symptom. Jung and Beaver (1951) 
remarkably high association of Trichuris and Entamoeba 
imrjiijtita infections in children in Louisiana. 

Treat in -.4 i. inch iris is a particularly difficult worm to expel be- 
c ms.* o: its position in the cecum, remote from either the mouth or 
the anus Most anthelmintics given by mouth are relatively ineffective, 
" ,! ’ *>cl results have b . .. obtained with fresh or refrigerated 
''*n fi s (FU ts), called b> the Spanish name, leche de 
,on * ;ln< * beaver recommended enemas of 0 . 2 % hexyl- 

cilM Y n 1 OI e'yccrin s . lution; 500 to 700 cc. is given slowly 

atter a cleansing enema, and retained for 30 minutes. Kouri also 
recommended he wl resorcinol enemas. A simpler but less effective 
t rent men r «s a mixture of tctrachlorethylene ( 2.7 cc.) and oil of cheno- 
pouium { 0.3 cc.) by mouth for adults, less for children, followed by a 

f n ' ' 1,1 - hours. Enseals of emetin hydrochloride have also 

been recommended. 
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None of these methods of treatment has been satisfactory, particu¬ 
larly in the treatment of populations. A new drug, dithiazanine, 
shows great promise. It may be given by mouth and also acts against 
Ascaris, hookworm, Enterobius, and St rangy hides (Swartzwelder 
et al., 1958). 


Other Tricliuridae 

Species of the genus Ca,Morin. with slender, delicate body and rela- 
tively short esophageal portion, are parasitic in a wide variety of 
vertebrates and exercise a remarkable choice of habitats. 

Capillaria hepatic a lives in the liver of rats and other rodents where 
its eggs accumulate in dry. yellow patches. Since the eggs require a.r 
to become embryonated, direct eating of the egg-burdened liver does 
not cause infection: the egg must first he liberated and exposed to air 
by decomposition of the original host or preliminary passage through 
the intestine of a predatory animal. Several valid human cases and 
a number of pseudo-infections in which the eggs were presumable 
eaten with livers of infected animals have been recorded 

Another species. C. (or Eucolms) acro,,l„lo. occurs ... the resp.rators 
system of cats, dogs, etc.; it is an important parasite of foxes, causing 
more harm than all other infections combined, except distemper One 
human case has been reported from Moscow. Other species live ... 
, ‘ . i . n or i„ the intestine of birds, in the stomach ot 

i ..d ... the of 

TK'Stcles <d most spool- «e essentially the »n» as the 

Ufa cycle of Tridmm except far ndintlo. via the blood stream of 

species living outside the alimentary canal. C. annulata, infecting 

he esophagus and crop, and C. cnudin,in,n. infect,ng the mtes.mc of 
the esopnag ‘ a< |<Iitio„al chapter, for the eggs fad to 

b<£me infe^ive 

^‘rpTutT^: S carihwor.ns .s often penalized by Ca.Mnrin 
infection. 

Trichinella spiralis and Triclnniasw 

* i o Trichinella spiralis , though an intestinal parasite 

nr ' /i l in significance fro.u other intestinal 
as an adu t, fa , aI ^ IlUs of , ric hiniasis are due to 

r^pS 7£i2Z* worms and no, to the adult worms in 
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the intestine. It has been said that this worm was responsible for the 
old Jewish law against the eating of pork. This seems highly unlikely 
since there is no particular reason for assuming that trichinosis was 
prevalent in pigs in Moses’ day but subsequently has almost dis¬ 
appeared from the Middle East. 

Unlike most human helminths, this one is almost entirely absent from 
the tropics; it is primarily a parasite of Europe, the United States, and 
arctic regions, with moderate infection in Mexico and southern South 
America, particularly Chile; it is practically absent from San Francisco 
to Suez and from Africa and Australia. In the Arctic Rausch found 
trichinosis prevalent not only in Eskimos, polar bears, and dogs, but 
also in marine mammals such as seals and white whales, which 
constitute a large proportion of the natural food of man and dogs. 
How the fish-eating marine mammals get infected is an unsolved 
problem. Schiller and Read (1960) recognize a subspecies, T. spiralis 
arctica, which is essentially incapable of infecting rats but readily 
infects deer mice, and certain carnivores. 


Structure and life history. The trichina worm infects many ani¬ 
mals. In America hogs are most commonly infected, and infection is 
common in rats which have access to waste pork. Cats are frequently 
infected, dogs less often. Man is highly susceptible, and many rodents 
are easily infected if fed trichinized meat. Birds are very resistant. 

The worms gain entrance to the digestive tract as larvae encysted 
in meat (big. 119). They are freed from their cysts in the stomach 
or intestine and penetrate into the mucosa of the small intestine. 
Icie they undergo a series ol molts which bring them to the adult 
I hey may reach sexual maturity and copulate as early as 
10 hours after being swallowed. The females (Fig. 117) are 3 to 
1 nun. long whitish, slender and tapering from the middle of the 
hody toward the anterior end; the males are only 1.5 mm. long. 
Ihc long capillary esophagus occupies one-third to one-half the length 
oi the body. In the female the vulva opens near the middle of 
the esophageal region; the anterior part of the uterus is crowded 
"! ' (n y‘> os whereas the posterior part contains developing eggs. 

I lie males aside from their minute size, are characterized by the 
piesence of a pair of conical appendages at the posterior end. In 
both sexes H,c anus (or cloaca) is terminal. The males have no 
spicule (Fig. 11 ,C). 

The adnhmtcstina 1 wo",,* are essentially short . )ived usuaUy dis . 

o h 7 ° r 3 ( m ° n,hs af,er ^Uon. Many males pass out 
fen,ales after ,hou S h som e live as long as the 
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Trichina embryos develop in the uterus of the mother and are 
scarcely 0.1 mm. in length when born. The mother worms usually 
burrow into the mucous membranes far enough so that the young 
can be deposited in the tissues rather than into the lumen of the 



117 Adult Trichineila spiral. A. female; B vulva re K ,on of female; 
mi c a, anus; r,,.. caudal appendages; cl. duacal tube; c.>, anterior portion 
f esophagus; *.*. posterior portion .1 esopl..«..s «, sttehosome; f inUrs ne; 

met,on of esop'ntgus and intestine. pomon^ uterus witl, 

. 


intestine. Etnbtyo. ,»V b. bjj * 

StS S” t-n.y««S *>* «<tct infection. 

The embryos enter lymph or blood vessels in the intestinal wall and 
, 1 . .d over the entire body. They have been found in praeti- 
"?ly ev’ry organ and tissue hut undergo further development inside 
the cells of the voluntary muscles. Active muscles containing a rich 
' , ,| 1()S e of the diaphragm, ribs, larynx, tongue, eye. 

bl<»d supply, such.as t u.se ljt ll | Ilr l y favored, but all the 

and the hear, muscle are liable to 

striated mus ^ Un , ike many tissue-penetrating larvae, however. 

trichina' embryos rarely pass through the placenta and cause prenatal 

infections. t i K . worms grow rapidly to a length of 

After entering^muscle a J beco J e Jxua.ly differen- 

127: They'finally roll themselves into a spiral and are infective 
^he'intmm^mfctTed by the — and waste products of 
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the worms results in the degeneration of the enclosing muscle fibers 
and in the formation of cysts around the young worms, beginning 
about a month after infection. The cysts (Fig. 119), at first very 


r>g ! 1 k ;,rviU ' 01 trichina worms. Trichinclla spiralis, encysted in striated 
muscle fibers ... pork. Camera lucida drawing of cysts in infected sausage. x75. 


delicate but gradually thickening, are lemon-shaped, 0.25 to 0.5 mm. 
long lying parallel with the muscle fibers; they are not fully developed 
after / or 8 weeks. As a rule onlv one or two worms arc 
enclosed in a cyst but as many as seven have been seen. 
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After 7 or 8 months or sometimes much later, the cyst walls start to 
calcify, beginning at the poles. After 18 months or longer the entire 
cyst becomes calcified and appears as a hard calcareous nodule. Even 
the enclosed worm, which usually degenerates and dies after some 
months, becomes calcified after a number of years. At times, however, 
the trichina worms do not die and disintegrate so soon and the calcifi¬ 
cation process is much slower. Experimentally the calcification of 
well-formed cysts can be hastened by administration of calcium and 
ergosterol or even more by large doses of parathormone. 

Estimates of the number of encysted larvae that may be expected 
per female worm vary greatly, but experimental work with various 
animals indicates about 1500. An ounce of heavily infected sausage 
may contain ...ore than 100,000 encysted larvae, over half of which 
are females, so the eating of it may result in more than a hundred 
million larvae distributing themselves throughout the body of the un¬ 
fortunate victim. It has been estimated that for man mgest.on of 
5 trichina larvae per gram of body weight is fatal, for hogs 10, and 

f °After encysting in the flesh no further development takes place until 
the flesh is eaten by a susceptible animal whereupon the worms 
mature and begin reproducing in a few days It will be seen tha 
whereas most worms begin the attempt to find new hosts at the gg 
or early embryo stage of the second general,on, the r.ch na vsor.n 
docs not make a break from its parental host unt.l .t has reached 

infprtive static for Another '*ost. , 

Mode of infection and prevalence. Obviously man usuafly be¬ 
comes infected from eating raw or imperfectly cooked mfected meat, 
in most cases pork. Under modern conditions hogs undoubtedly are 
most commonly infected by being fed on 

scraps, as Ilall pointed out m 10 <• ' "15 (im dispose of garbage 

4500 population and 50',; of cit.es o over ISfiM dispo-.e olF garbg 

by feeding it to hogs. Stoll suggested callmg 1 ncl.wella the garbage 

W °n m /’ „ ,„ r , n nlav .. vcry minor role in the epidemiology as com¬ 
pared with‘infected po^ scraps for hogs are 

Hal, says ,h, in his Z 

very friendly terms. Hats pass im 

cannibalism, but in ^infection in both man and 

Hal showed that t P»; ds of raising hogs in different 

hogs ,s dosely com l. ud North Atlantic seaboard and 

w ^ ,h " 


in 
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Middle West, where a higher percentage are raised on pastures and 
fed on corn, the incidence is lower and it is still lower in the South 
where the hogs are generally allowed to roam the fields and woods, 
competing with the squirrels for acorns and without easy access to 
kitchen scraps or city garbage. 

1 he incidence of human infection is astonishingly high; where exami¬ 
nations have been made in routine autopsies the infection ranges from 
about 5% in New Orleans to 18 to 27% in northern and western 
cities, with a general average of over 16% in the entire United States; 
even these figures are apparently below the actual incidence. Stoll 
in 1947 called attention to the fact that the United States has three 
times as much trichiniasis as all the rest of the world combined. 
The incidence in hogs in this country is about 1.5%; at this rate, as 
Could (1945) pointed out, an average pork-eating American might 
eat 200 meals of trichinous pork in his lifetime, so the 16% infection 
is not so surprising. Fortunately, in contrast to this high incidence 
ol infection, outbreaks since 1900 have been mild, with low mortality; 
less than 600 clinical cases a year are reported, with a mortality of 
less than 5%. 


1 he most serious outbreaks occur among Germans, Austrians, and 
Italians who are fond of various forms of uncooked sausage and 
wurst.” Nearly all serious outbreaks can be traced back to animals 
slaughtered on farms or in small butchering establishments, since in 
large slaughterhouses the meat of an infected animal is almost certain 
to be diluted with the meat of uninfected animals. Moreover, in 
l-i.db inspected establishments pork destined for raw consumption 
,l ' long enough to destroy the infection (see below). 
1 • ie i a particularly high death rate among rural school teachers 
preachers, who are invited l>v their hospitable neighbors to sample 
id fi i in.' new batches of delicious, freshly made sausage. 

nous outbreaks have continued to occur in northern Europe. 
« hrsc may a!feet large numbers of people; e.g., an epidemic in Gdansk 
nw952 involved several hundred of them. 

fhe riiM-a-e. As we have seen, the vast majority of human infcc- 
m<- never diagnosed or suspected unless the diaphragms are 
ammrd microscopically or by artificial digestion after death. Hall 
and Collins call attention to the fact that in not one of 222 infections 
lound post mortem had a diagnosis of trichiniasis been made, although 
m some here were almost 1000 worms per gram of muscle, and no 
person harboring that many worms could by any stretch of the 
imagination be considered free of symptoms. Clinical symptoms are 
cc.Lunly lar commoner than the number of reported cases would 
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indicate. Some cases are mistaken for typhoid, ptomaine poisoning, 
“intestinal flu,” or what not. but in many cases the patients probably 
just did not feel well. The severity of the symptoms is largely 
dependent on the number of living worms eaten, although it is 
undoubtedly influenced also by the general state of health and re¬ 
sistance and by immunity due to prior infections. 

The clinical' course of trichiniasis is very irregular. Characteris¬ 
tically, the first symptoms are diarrhea, abdominal pains, nausea, and 
other gastrointestinal symptoms, with or without fever, flushing, e c., 
caused by irritation of the intestine by the growing and adult worms 
burrowing into its walk. There is often a sort of genera torpor 
accompanied by weakness, muscular twitching. etc As t 1 ellan e 
become numerous in the blood and tissues, eosmopluha develops, in 

extreme cases reaching 50% and even •)().<. . 

The second stage is the period of migration of larvae and penetration 

of musdes; it Aequo,,* fatal. One of the « 

this stage is a marked puffiness under the eyes and m the lids. The 

characteristic symptoms are intense muscular pains and rheumatic 

aches Disturbances in the particular muscles invaded cause inter- 

ference with movements of the eyes, mastication, respiration, etc. The 
icrcncc wiui „i , r | v severe in the fourth and fifth 

respiratory troubles become particularly^sc\cre^ re ^ ^ ^ ^ 

weeks of the disease. ... f- c • - and more or less constant 

S=«5 

IbtnMn'children. Eosinophilia and leueocytosis are nearly always 

begins about 6 * ‘ , jn ad( iition tlie face again becomes 

stage become exagge. na| walb are also swollen. The 

puffy, and the arms. legs, a om occur> t i, c muscular pains 

patient becomes * ,„ r ,ions of the skin often scale off. 

gradually subside, and . a ‘ ion fata l case s death usually 

Pneumonia is a common I 1 , )C .f orc the end of the second 

comes in the fourth to sixth wcck. 

or after the seventh coursc . involve both omissions and 

Numerous variations f persistent diarrhea accompanied 

additions. ,1" America a ™ muscular pains should always 

by eosmopluha, fc'r . 1 tin „: s the characteristic symptoms are over- 
suggest trichiniasis. So heart eye, or nervous system, where 

the^laxvae 'burro'wTut' do no", develop. Sometimes even the gastro- 
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intestinal symptoms fail to appear, and when there are accompanying 
bacterial infections there may be no eosinophilia. 

Recovery usually does not occur in less than 5 to 6 weeks after 
infection and often not for several months. Recurrent muscular pains 
and weakness may continue for a year. Commonly, cases in which a 
copious diarrhea appears early in the disease are of short duration and 
mild in type. Young children, owing either to smaller quantities of 
pork eaten or to greater tendency to diarrhea, are likely to recover 
quickly. 

Diagnosis. To confirm a diagnosis is not easy. Search for adult 
worms in feces is unreliable, and larvae in blood or cerebrospinal 
fluid, though present after 8 to 10 days, are diificult to find. The 
removal of a bit of muscle and examination of it pressed out between 
two slides are of no use early in the infection but are often diagnostic 
later. 

Bachman (1928) devised a skin test and a precipitin test which have 
proved helpful. The antigen consists of dried and powdered larvae 
obtained by artificial digestion of the meat of heavily infected animals. 
In positive skin tests a blanched wheal appears in 5 minutes and 
reaches a diameter of 1 to 2 cm. in an hour. This test is seldom posi¬ 
tive before about 11 to 14 days, however, and may remain positive 
for at least 7 years after infection, so might be misleading. It may, 
howevt r, be put to practical use in the detection of infected hogs 
(see below). Boziccvich et al. (1951) have developed an easy 
15-minute flocculation test in which Trichiiiclla antigen is adsorbed 
'U bentonite particles, which then clump on a slide when exposed to 

urn c ut.lining ; ntibodies. More recently, substitution of tanned 
r:*d blood ce)l> for the bentonite particles has led to the development 
. i .» lide hemagglutination test that is rapid and easy to read. 

After 2 weeks negative test> are valuable in ruling out trichiniasis, 
w hereas positive oiks are valu ible as corroborative evidence. Positive 
reactions sometime occur in Tricliuris infections. In view of the 
difficulty m miking a correct diagnosis, it is not surprising that 
trichiniasis has been mist .ken for at least fifty other disease conditions. 

Treatment. I he se.ueh for a good anthelmintic to kill the larvae 
in the muscles has not yet been very Iruitful, and little progress has 
been made in expelling the adult worms from the intestine. On the 
basis of succes:: in ox \*ii,rien»al animals, both Iletrazan and piperazine 
citrate s- rv 


■ • 111 * 


of effectiveness in removing adult TrichineUa 
from in n; of piperazine Chou and Brown (in 1954) suggested daily 

doses ssi 2 to 3 grams. 

{ ’ben, however, diagnosis is not made until the critical stage, when 
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millions of embryos are migrating through the body and developing 
in muscle fibers. The treatment employed then can be only sympto¬ 
Cortisone and ACTH have been used to lessen the inflammatory 
response. However, the inflammatory response in the intestine serves 
a function in producing a diarrhea and a consequent flushing-out of 
the adult worms. If cortisone is given during the period when adults 
are still in the alimentary tract, the drug may allow the adults to 
persist for a longer time and consequently to produce larger numbers 

° f Immunity. Considerable resistance to infection is produced by 
prior exposure. McCov showed that this resistance was effective 
against worms developing in tin- intestine as well as larvae 
parenterally. This has been confirmed » 10 /.c-es tcl a. d Detre(NlH 
Studies in Trichinosis. Mil 1940. win, found at.l.g. ■ 1 .tod o 
rabbits 24 hours after they were led trichina ar■ < .md > Z.umau 

(1953. 1954). who found .f^^r^lvere 

showing nber. before any parenteral 

separated 5 da>s a >' in ..tc was infected with worms 

larvae were present, and also « n obtained 

rendered incapable o ,,,, of one ses 

some degree of '"....units h i >( subst . qucn , infections show 

only In immunized mice th. ^ found in other worm infec- 

retarded development, and greatly 

inhibited reproduction. rcsll ,ts from injection of vaccines 

A far smaller degree I |lKl|ts or | ar vac are placed in immune 
or immune serum. ''Iicne . |Ild anU s. as in the case of Nip- 

serum a precipitate forms a > 

postrongylus (see p. 28). immune reaction is directed 

This seems to support the Tllis is fur ,her supported 

mainly against the produel. . (1957) demonstration that 

by Campbells (1954 ) and Ch. > enhanced by injec 

of mice- larvae and adnl... 

tion of secretions and excretions .... 


mice can be altered by behavioral 


The development of res t ^ ^ „ iat fighting in mice lowered 

factors. Davis and Head ^, ( . rcs i stance . This was attributed 

the capacity of the an.ma s l |; .n d s with enhanced secretion of 

to increased activity of the acirc y 

cortisone or related substanees- ^ med t l, ;>t human beings 

«■ i- heavily trichinized 
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meat by having eaten more lightly infected meat at some earlier date. 
Data are lacking, however, on how long the immunity is effective. 

Prevention. Personal preventive measures against trichiniasis are 
easy and consist simply in abstinence from all pork that is not thor- 
oughly cooked. Trichinae are quickly destroyed by a temperature of 
55°C. (131 0 F.), but pork must be cooked for a length of time propor¬ 
tionate to its weight in order to insure the permeation of heat to the 
center. At least 30 to 36 minutes’ boiling should be allowed to each 
kilogram of meat (2% lb.). Hurried roastiil^does not destroy the 
parasites as long as red or raw portions are leftito^he cenrtu^ w 
Augustine (1933) showed that quick cooling to — 34°Qjfcr c^ick 
cooling to — lS^C., followed by storage at that temperature for 24 
hours, or at — 15°C. for 48 hours, renders the trichinae noninfective. 
C old storage for 20 days at a temperature of — 15°fc. is required by 
the U. S. Bureau of Animal Industry for pork products to be used 
uncooked, unless cured in accordance with certain specified processes, 
but this appears to be an unnecessarily long time. Salting and smoking 
are not efficacious unless carried out under certain conditions. 

It has been shown that irradiation of trichinous meat with cobalt-60 
results in sexual sterilization of the worms, with a failure to produce 
larvae when such meat is eaten (Could et al., 1954). This was sug¬ 
gested as a simple method of controlling trichinosis. However, accord¬ 
ing to Magath and Thompson (1955) such irradiated worms do not 
stimulate the development of any immunity, and wholesale irradia- 
1,011 ol meat result in a much larger proportion of highly 

suvcophldo individuals in the population. A somewhat more prac- 
:, i objection was raised by Otto (195S) who pointed out that 
under present conditions irradiation of pork in farmyards and small 
d alioirs could not be enforced; and it is these small establishments 
mch are most often involved in outbreaks of human trichinosis. 
Prevention by examination of meat for larvae was thought by Stiles 
to be too expensive, too incomplete, and inapplicable to the most 
dangerous sources of infection—hogs butchered on farms or small 
local establishments. In Chile, however, examination of compressed 
•vunpies of pork, projected on a screen, has been found inexpensive, 

lapIU ’ ; , c,Fechve in discovering all but very light infections, which 
are not dangerous. 

„ m ° S * f f! s . i, ’ Ie a, ' d Practical plan for the control of trichiniasis 
cons s s in forb.ddmg the feeding of raw garbage to hogs, as has been 

J " J I,r rS m ? mK,J nnd E "Sl*nd. It would be better to stop 
hc, K ^r^^ S *° n 1 8arbaS fi altOSet her, but in the United States 1,500,000 
hogs are raised annually wholly or in part on commercial garbage. 
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This practice is responsible for the spread of a number of other hot; 
diseases as well, especially cholera, foot-and-mouth disease, and vesicu¬ 
lar exanthema. In 1952 a nationwide outbreak of the last caused 
heavy losses to hog raisers, and did more than did 25 . 000,000 human 
Trichinella infections to persuade the swine industry to look upon 
legislation directed against feeding raw garbage to hogs with a less 
jaundiced eye. Since that outbreak thirty-seven states either have 
initiated such legislation or are preparing to do so. For mters ate 
traffic the Public Health Service requires that garbage be steamed 
boiled for 30 minutes before being fed to hogs. 


Oilier Apliasmidia 

Sub^der Dioctophymata. The Giant Kidney Worm 

The only aphasnAl nematodes other than the Trichurata which are 
normally parasitic in vertebrates are the Dioctophymata The females 
have one ovary, anteriorVlva (in Di,Kto V h,jma). and terminal anus; 
the males have a terminaflell-shaped bursa 'vithouj ray*. ■"«! « s '"S le 

round in .he „e,v„ jl.Se U.lney ™ 

55)“?. ISW-* “" irh r‘"T 

exceeds 8 ft in US*. -«■ «« 

m,le mny be 6 » 16 S, ntoj*■ .hi, .well, » ,e.e,.l 

" i,h ■ b °" ! 




I ci.'int kidney worm. A. copulatory bursa of 3. 

, ?°- “-rtasnUi '<■ ™ n in ; ,f a " 

*■ i928 - b - adap,cdfrom 
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plate developed on its dorsomedial surface (McNeil, 1948). The left 
kidney hypertrophies to about twice its normal size. It has general y 
been assumed that the parasite invades one of the kidneys first and 
enters the abdominal cavity after the kidney has been more or less 
destroyed, but Stefanski and Strankowski (1936) think that it develops 
in the body cavity and later penetrates the kidney by means of a 
histolytic secretion from its highly developed esophageal glands. 

Woodhcad (1945) reported a remarkable life cvcle for this worm 
involving a first stage of development in an annelid symbiote of cray¬ 
fish and a second one in a fish, Ameitirus mclas (bullhead), before 
reaching the adult stage in a mammal. The stages described are strik¬ 
ingly similar to those of the Cordiacea (see p. 240). 


REFERENCES 


Tricliuridae 

Allen, R. W., ami Wchr. E. E. 1942. Earthworms as possible intermediate 
hosts of CapillarUi cuudinflata of the chicken and turkey. Proc. Helminthol. 
Soc. Wash., 9: 72-73. 

Brown, II. W. 1948. Recent developments in the chemotherapy of helminthic 
diseases, rroc. Hh Intern. Cmigr. Trap. Mai. Malaria, 2: Sect. VI. 966-974. 
Chandler, A. C. 1910. Specific characters in the genus Trichuris. /. Parasltol ., 
16: 198-206. 

Christenson. R. <). 19IS. Ufc history and epidemiological studies on the fox 

lunewonn. Capillarki ncrophila. I.nro iubilar do Prof. Travassos., 119-136. 
Rio de Janeiro. 

Kiiil -l >• - F 1923. Cher di. Entwicklung von Trichozcphalus in \\ irte. 
.hi 'i S'iiitis u Trr.ftcn-lluu., 27:413—420. 

Mu inf* lioi ith ' hurts trtchiuro in children. Report 
rf tr « i'O' with autopsy. A • I. Diseases Children. 70: 19-24. 

i iver V. C. ( linical ohs rvatkms on Trtchocephalu* 

• :rir,-r . • iv ’ ipxv • o fnfot .Con in children. Pediatries. 8: 548—557. 

K j*i t ..i d V .. V.* i'u/ R 1">.' Comepto actual sohre el papol patogono 
! Trie hium) statomatologia gnstro-intestioalo. 

v ,.r. n.« r; 8: 37—11. 

iW.f. T,. (). 19*2. Exp- :iu;. tit.d ; ;du*s on certain factors influencing the de¬ 

velopment r.d viability of the ova of the human Trichuris. Am. J. Hyg.» 
16: 288-322. 

Otto, C. F. 1932. Ascarh and Triehuris in southern United States. I • P (,ra ‘ 

sitol.. IS: 200 - 208 . 

Swart/wehhr, J. 1939. Ciinieal Trichocephalus trichiurus infection. An 
analysis rf 81 cases. Am f /.<>/> Med., 19: 478-481. 

Swartzweldcr. 1. C.. • al. 1958, Therapy of trichuriasis and ascariasis with 
dithiazanine. Am. /. Prop. Med. Ili/g.. 7 : 329-333. 



Trichuris, Trichinella, and Their Allies 415 

Thomen, I. J. 1939. The latex of ficus tree, and derivatives as anthelmintics: 
historical account. Am. J. Trap. Med., 19: 409-118. 

Trichinella spiralis 

Augustine, D. L. 1933. Effects of low temperatures upon encysted T. spiralis. 

Bachman/'c^W.* ‘ *1928. ' ^Precipitin test in experimental trichinosis . J- P™ 
Med.. 2: 35-18: An intradermal reaction in evper.mental trichinosis. ibid., 

2:513-523. . ,. vm ti... inti- 

Bozicevich, j., and Detre. L. 1940. Studies on The ant, 

genic phase of trichinosis. Public Health Repts. &>: 683-69.. 

Bozicevich j., et al. 1951. A rapid flocculation test for the diagnosis of Inch.- 

Bran^P. J^and ^t"‘ r.’ l^^ln-lnary note on trichinosis inves- 
Campbell,°C. 'h.^'hSw. 

Trichinella spiralis in the production of .its in mice. I- 

Chlp“'B. .957. The antigenic re.. Urn 

adult Trichinella spiralis in the production of immunity m n . 1. 

CokeS Nr ^Effects of cortisone on Trichinella spitaUs infections in non- 

immunized mtoe. /. ' AU 4* <>f Ml;|vior on develop,net of re- 

Davis, D. E., and Head, C. V. ’69-272. 

sistancc In trichinosis. Proe. Soc. kxp. " i” t / lim // ( | spiralis, 

Culbertson, j. T. 1942. Active inunmnty ,n nucc against IrichhuUa , 

/. Parasltol., 28: 197-202. 

Could. S. E. 1945. Trichinosis. Thom* of irra dia«ion ol 

Magath, T. B., and Thompson. J H ' , importance. Am. J. 

Trichinella spiralis on immunity and .U puw* 

Trop. Med. Ihjfi.,4: 941-946. aga inst Trichinella 

McCoy. O. H. 194°■ ^ % <)f />lW „ m7/ „ larvae fed 

National Institute of Health ( Hall. Wrighl- ‘ * jl ^ ^‘go 512- 

1944. Studies on 1472-1486, 21 JO-21',8. 

527, 5 . 39 -S 5 1 OT3-886: 53. ' ' 1293-1313; 59: 669-681. J. Am. 

55: 883-692, 1069-10<7: 56: Sils-oaa, ao ,,,,,07 

Vet. Med. Assoc.. 94: 801-6IW;• „ ( J. Parasitol.. 

Otto, C. F. 1958. Some reflections on tin w w * 

P .. — rls 1953 Trichinosis: Higl.ligl.ts from First National Con- 

Pul,he Health IUgrt> .WO. //coll/. Rep,.., 68 : 417-124. 

ference on Trichinosis W5 illll(lgy . ,),„,o,is,ration u the 

U < - *»» -"*"»»■ E - 7 = 

108-123. . - 1 \i 1940 An outbreak of 

- .. 1 - 

precipitin tests. Am. /. Public Health. 36: 1403-1411. 



416 Introduction to Parasitology 

Stoll N R 1947. This wormy world. J. Parasitol., 33: 1-18. ,. 

Ltoan.H-.ctal. 1953-1954. Studies on the oatare 

spiralis in parabiotic rats. 1-V. Am./. Hyg., 57: 297-315, 59. 39-59. 

Dioctophyma 

HaUberg, C. W. 19-53. Dioctophyme renale (Goczc, 1782), a study of * e 
migration routes to the kidneys of mammals and resultant pathology. Trans. 
Am. Microscop. Sac., 72: 351-363. . ( 

McNeil C W. 1948. Pathological changes in the kidney of mink due to in - 
' tion with Dioctophyma renale (Goeze, 1782), the giant kidney worm of 
mammals. Trans. Am. Microscop. Soc., 87: 257-261 , 

Meyer. M. C.. and Witter, J. F. 1950. The giant kidney worm (P>octophyma 
renale) in mink in Maine, with a summary of recent North American 
records. J. Am. Vet. Med. Assoc.. 116: 367-369. 

Stefanski. W.. and Strankowski, M. 1936. S..r un eas de penetration du strongle 
geant dans le rein droit du ehien. Ann. parasitol. humalnc ct compare, 

Undenvo.^dTp’ o,, and Wright. W. H. 1933. A report of the giant nematode. 
Dioctophyme renale from a dog. with a summary of American records. 
J. Am. Vet. Med. Assoc., 85: 2-56-258. , 

Woodhead, A. E. 1945. The life history cycle of Dioctophyma renale, the giant 
kidney worm of man and many other mammals (Abstract). J. Parasitol., 
31; 12. 



Chapter 19 

THE HOOKWORMS AND THEIR ALLIES 
SUBORDER STRONGYLATA 


N0 gro P «,f the — 

=Tr» 

rhages; the resu t .s anem.a izable character 

The worms of this suborder have one JJ«1> # ^ surrounding 

wlricl. is constant P**" ! sor ,' ...nbrellalikc expansion of 
the cloaca of the ma c. T is slip portcd by fleshy rays 

the cuticle at the end of tin 1 T , -u-rinttcmcnt of the 

comparable »„h the rib. of an umbrella.. 

rays is remarkably constarrt, aad y S dorsal, and it 

Ore bars, consist, ol to »be. •» . '*«>' ^ ,„ d .. oI 

may or may not he split sent . >, . .j or even absent. The 

the lung worms (Mctastrongy «• J ^ , )( . bi f urcate d only 

dorsal lobe is supported by . • r0 ot there arise a 

at its tip or may be spl, dt^^> ^ , obe , The 

latte"arc'supposed by three pairs of 

hookworms arc shown ... »■ ™ ^ c|ub . shaped or cylindrical 

Other charactcr.st.es th R P ^ , ips; mo „th is 

muscular esophagus and # |ilR . sle „der head or is provided 

ether a s.mple opening.at the t bucca , capsu | e . The eggs 

with a more or \ess ^hjghly P^ ^ Jo ^ bet ,„„, bile stained 
always have thm ^nsparc sonK . stage of segmentation 

and are theref ° re “Sin laid The eggs hatch outside the body into 
MIS rr,r*b »f«. reaching a certain stage oi development. 
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enter a new host either by burrowing through the skin or by being 
ingested with water or vegetation, or in the case of some of the lung- 
worms, with an intermediate or transport host 



Fig. 121. Diagrams of bursas (spread out flat) of Ancylosloma duodenale (left) 
and Necator amcricnnus (right), showing arrangement of rays: d., dorsal ray; 
e.d., extcmo-dorsal; c.l., extcmo-latcral; l.v., latero-ventral; m.l., medio-latcral; 
/>./., postcro-latcral; c.o., ventro-ventral. (Alter Chandler, Hookworm Disease, 
1929.) 


The suborder, on the basis of work by Dougherty (1945, 1951), may 
be classified into families as follows: 

I. Eustomatous forms, i.e.. with well-developed mouth capsule. 

1. Ancylostomidae (hookworms). Capsule with ventral teeth or 
plates inside opening (Fig. 122). 

2. Slrongylidac. With crown of leaflike processes (corona radiata) 
(Fig. 129). 

3. Synpnmidue (gapeworms). Capsule hooped by large chitinous 
ring (Fig. 131). 

II. Meiostoniatous forms, i.e., with reduced or vestigial mouth capsule. 

1. I t iclio-trougy liduc. Intestinal forms with ovcjectors (Fig. 133 B); 
bursa well developed. No intermediate hosts. 

2. Mcta*>trongyliduc. Ltingworms: vulva posterior, vagina long, and 
uteri parallel (Fig. 133.4). except in a few forms in carnivores 
(Skrjabingylinae) and one genus. Diclyocaulus, in ruminants; bursa 
reduced; intermediate hosts (inollusks or annelids) required except 
by DicUjocaulus. 

Hookworms of Man 

Impcr*tanoe. Until recently hookworm ranked without question 
as the most important helminthic infection of man, but it has been 
brought under control in many countries to such an extent in the last 
l«:\v decades that now it is quite likely the schistosomes that deserve 
first place. Hookworm is never spectacular like some other diseases. 
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but is essentially insidious; year after year, generation after generation, 
it saps the vitality and undermines the health and efficiency of whole 
communities. For years the “poor white trash of some rural parts of 
our South were considered a shiftless, good-for-nothing, irresponsible 
people, worthy only of scorn and of the sordid poverty and ignorance 
which they brought upon themselves as the fruits of their supposedly 
innate shiftlessness, but the discovery that these unfortunate people 
were the victims of hookworms which stunted them physically and 
mentally made them objects of pity rather than scorn. Fortunately, 
their lot has been enormously improved since the early part of the 


present century. 

Distribution. Hookworm infection exists where local conditions 
are favorable in most tropical and subtropical parts of the world, 
bounded approximately by the thirty-sixth parallel in the north and 
the thirtieth parallel in the south. In North America it occurs in the 
southeastern United States west to eastern Texas and north to \ irginia. 
Kentucky, southwestern Missouri, and Arkansas; in Mexico, princi¬ 
pally on the Gulf Coast from southern Tamaulipas to the base of the 
Yucatan peninsula; and in most of Central America and some of the 
West Indies, especially Puerto Rico. In South America it is present 
over vast areas east of the Andes and south to the River Platte. 


especially in the Amazon Valley and southeast coast of Brazil. In 
the Old World it occurs mainly in southern Europe, Egypt, west and 
central Africa south to Natal, and Madagascar; northern coasts of Asia 
Minor and irrigated areas in the Middle East; parts of India, Burma. 
China, Formosa, Japan, Indo-China. Malaya. East Indies, Borneo. 
New Guinea, some of the Polynesian Islands, and the Queensland 


coast. 

Surveys by Keller, Leathers, et al. (1940) showed a remarkable de¬ 
crease in both the incidence and intensity of infection in the United 
States since the first surveys were made about 20 years earlier. In six 
of eight southern states the average incidence, by techniques that 
miss very light cases, was 36.6% in 1910-1914 and 11.2% in 1930-193S. 
In 1940 the incidences varied from 50% in western Florida to 7 to 9'% 
in Tennessee and Kentucky, the areas of important infection being 
largely localized. The highest incidence is in whites in the 15- to 
19-year age group. Today only a small percentage of those infected 
have enough worms to cause clinical symptoms. 

Species. Two species of hookworms are common human parasites, 
Ancylostoma duodenalc and Necator americamis. They are similar in 
general appearance and in most details of their life cycle, habits, etc., 
but A. duodenale is much more injurious to its host and is harder to 
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expel by means of anthelmintics. All hookworms, including many 
species found in dogs, cats, herbivores, and other animals, are rather 
stocky worms, usually about half an inch in length, with a well-devel¬ 
oped bursa, very long, needlelike spicules, and with a conspicuous 
goblet- or cup-shaped buccal capsule, guarded ventrally by a pair of 
chitinous plates which either bear teeth, as in the ancvlostomes, or 
have a bladelike edge, as in the necators and their allies (Fig. 122). 
The human ancylostome, A. duodenale, has two well-developed teeth 



Fig. 122. Mouth and buccal cavity of Ancylostoma duodenale (A), and Nccator 
amcrlcanus ( II ), showing teeth in former ami cutting ridges in latter. Dorsal 
view. A. X 100; B. x 230. (Adapted from Loots.) 


on each plate, with a rudimentary third one near the median line 
(Fig. 122A). A. caninum, common in dogs and cats, has three pairs of 
teeth (Fig. 121C), and A. braziUensc and A. ccylanicum , also common 
in cats and dogs, especially in the tropics, have one large tooth and a 
rudimentary one on each side. These species were confused with 
each other until Biocca (1951) showed clear differences between them 
both in month capsules and in bursas (Fig. 124). 

ancyiostoma. Ancylostoma duodenale (Fig. 123) is primarily a 
lorthern species and predominates only in Europe, North Africa, west- 
• m \sia northern China, and Japan, but it has accompanied infected 
mankind to all parts of the world; it is possible that it may have been 


n at least a part of the American aborigines. It 
1 ‘ ' iXI ? cr 1,u ’ c ' " than \ccator. the females averaging about 12 mm. 

> mm. in length. Freshly expelled specimens 
a dirty rust color The vulva of the female is behind the middle 
' body, and h tail is tipped by a minute spine. The males are 
recogni/..!>'(* hv their broad bursas, which have the rays arranged 
.mown in 1 k'. l-!i and 121.\. The single dorsal ray and the nearly 
^qual spread ot the three lateral rays are good marks for distinguish¬ 
ing this species from Xeartor. but after a little experience the two 
genera of cither sex can be distinguished with the naked eye by the 
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. c A htirci of Anajlatioma duoilenalc; II, tip <>• 

FIB. 123. Hookworms of man A ’ of umerica , ui > (alleviations as in F*. 
spicules of Necalor; C, bursa » • f / r > | lca< | of Serai or atneri- 

D ’ * a., tinus; >-s, W 

c“ nu '; same sell- as U > cervical gland; ft. cemenl Blands; • ■ 

capsule; cephabe jJand. * „ crclor> . p„ rc; «•> .!.. ejaculatory duel; 

cervical papilla; c.s camld « ^ rf llaHc gland; n/-\ nucleus of cemeu 
esophagus; i., intestine, n. . OV cicctor; sp.. spicules; J.U., si inmal 

gland; n.r. nerve ring; '»vmy “ ) 

vesicle; t., teslis; u., uterus, o.. vuisa. 
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form of the head, which in ancylostomes is coarse and only slightly 
bent dorsally, whereas in necators it is much finer and sharply bent 
(Fig. 123). The structure of the mouth capsule of this species is 
shown in Fig. 122. A. duodenale is primarily a human parasite but 
on rare occasions has been found in pigs and experimentally can be 
reared occasionally in dogs, cats, and monkeys. 



A. brxuilicnse A. ctylanicum 


Hg. 124. Mouth capsules and bursas of Ancylostoma brazllicnsc, A. ceyla- 
-ut utn and A. caninum. Comparing A. brazlllemc and A. ceylanlctim, note in 
former smaller accessory tooth in mouth capsule, not directly on contour; longer 
rays of bursa; longer trunk of lateral rays and these rays all divergent; and 
snore slender c\tcmoder>al ray arising nearer base of dorsal ray. (Figures of 
brazilimsc and ccylanicum after Biocca, /. Helm., 1951.) 


A. cci/lanicum, according to Biocca, is found in Asia and South 
America, and is an occasional human intestinal parasite in southeast 
Asia A. brazitiense occurs in Africa and South America. It is com¬ 
mon in dogs and cats on the Gulf Coast of the United States, and 
is the cause ol creeping eruption in that area (see p. 430). 

NECAToa. 'Sc cat or amcricanus is primarily a tropical worm. It 
is now the predominant species in all parts of the world except those 
mentioned in the section on ancylostomes. In our southern states 
95%.°r more of the hookworms are of this species. It is often called 
the American hookworm because it was first discovered here, but 
it is probably African in origin. Interesting evidence of past and 
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present migrations of mankind can be traced in the hookworm fauna 

of various countries and islands. . . c r 

Necator is smaller and more slender than A. duodcnalc; the females 

average 10 to 11 mm. in length and the males - to 8 mm. The vulva 
of the female is anterior to the middle of the body, and there is n 
caudal spine. The bursa is longer and narrower than m the <mcy o- 
stomes (Figs. 121 and 123C). and is distinguished by the split dorsa 
ray and approximation of two of the latera ra>s. ie . .. 

the mouth capsule is shown in Fig. 12271. N. .nncncanus is pmnar 1 

a human parasite, though capable of development ,n apos an<l .nonW > ^ 

but the same or a very similar form has been found 

America. Other species of Hccator have been described from cl.iin 

^Life cycle. The adult hookworms of both genera reside in the small 
intestine where they draw a bit of the mucous membrane into tl.e.r 
buccal capsules and nourish themselves 
on blood and tissue juices which they 
suck (Fig. 125). Their main business 
in life is the production of eggs, and 
they tend strictly to business! Careful 
estimates show that each female neca¬ 
tor produces 5000 to 10.000 eggs P ir 

day, and ancylostomcs over twice that 
many. Yet the bodies of the worms 
contain on the average only about 5/c 
of this number of eggs at any one time. 

The eggs (Fig. 126 ,1 and 2) average 
about 70 by 38 in necators and btJ i>> 

38 /a in ancylostomcs, but the species 
cannot be identified reliably by eggs 
in the feces. They are in the four- 

celled stage when freshly passec am f rcquirc moi sture 

do not develop further until v\\ ^ cnt anc J there are no 

and warmth also, and ,f ] an cm |J hatches in less than 24 

usurious substances intl w ^ ^ w , undislur bed but arc 

hours. Usually feces in the l beetles and other 

stirred up aerated and for the eggs and 

insects, which greatly improves i 

'Te iSSSZ (Fig. ,*.*) are 

they have an esophagus with an j^Tcharacter hieh distinguishes 
neckline region with a posterior bulb, a character 



fig. 125. Necator amcricanus; 
section sliowing manner of at¬ 
tachment to intestinal wall. 
(Adapted from Ashford and 
luaravidez. from photograph hy 
\V, W. Gray.) 
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Ifg. 126 . .'W.'.' Hie vile of hookworms from egg to infective larva. I, 

r -f * v “-- •• • t time of leaving body of host: 2, same of Ancylos- 

duodenal? •> f> stages in segmentation and development of embryo in 
d. - 'zz; 8, newly hatch'd embiyo; 9, vimc of Strongyloidcs for comparison (note 
n:i rence In and size of genital rudiment. g.r.); 10, second 

,i :< ' ! ,r% : ‘ de live larva; on., anus; cx.p. t excretory pore; g.r.. 

. riital rudiment; intestine, n.i . nerve ring; cs., esophagus; cs.b., esophageal 
h’.’h; or.au.. oral iiviri. s/i.. sheath. X285. (After Looss from Chandler, 
Hookworm Disease, 1029.) 
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these larvae from “strongyliform" larvae, which have a long cylindrical 
esophagus with a terminal bulb that is not sharply demarcated After 
the second molt the larvae of hookworms lose their typical rhabditiform 
esophagus, and become strongyliform. The free-living larvae of hook¬ 
worms in all stages are distinguishable from the ****». larvae of 
Stronguloides by the long mouth cavity (cf. Figs. 1-6. S and 9). Lan a 
of many Strongylata of domestic animals, e g., esophagostomes and 
trichostrongyles, are distinguishable by their long, filamentous tails. 

The larvae feed on bacteria and perhaps other matter in the fcccs, 
and grow rapidly. At the end of about 2 days they molt, grow some 
more, and at the end of about 5 days they molt again. Tin "me, 
however, the shed cuticle is retained as a protecting sheath (Fifr 1-6 
11), which may remain until the larva penetrates the J ,nof “° S '° 
may be tom or worn away by movements m the o.Aosal 

body, the genital primordmm (Fig. 1-6. U, f 

middle of the body. These larvae are easily d.stuigu.s table from th 
more typically filariform infective larvae of Strong.jlo,dcs (Fig. 13, ) b> 
le sliorter and bulbed esophagus and the pointed tail (notched in 

S 'Sr“™« ... now the «» 5 e. ^ ~ 

subsist on food material stored up as granules m tin. nteshna^l 
during their 5 days of feasting. The optimum temperature for do 
° n( i g 5 : p. lower temperatures retard and 

SgSESSSS 

halHndfof soil "and commonly climb up to the highest points to which 
of moisire extends on soil particles. dead ve^taUmj e* and 
extend their bodies into the air to await an op^rtunity ” 

selves to a human foot which is unfortunate enough, to come m^ contact 
with them. When exposed to a hot sun or to superficial drying of tin 

soil thev retreat into crevices in the upper layer. 

They do not migrate laterally to any great extent, but are dispersed 
by rain, insects, etc. In loose-textured soil they can migrate verUca^ 
even to the extent of 2 or 3 ft., but in trenches or pits they do not 

climb the walls, since, from the standpoint of ttahw** 

i Rpfore they have climbed more than a u 
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extend themselves, unaware that they have not reached a vantage point 
at the top, and are thus trapped. The larvae are strongly attracted by 
moderate heat and are stimulated to activity by contact with objects; it 
is these reactions which cause the larvae to burrow into the skin of 


animals. 

Since the larvae have only the stored food granules on which to sub¬ 
sist until a suitable host is reached, the more active they are the sooner 
their food supply is used up and the sooner they die. Vertical migra¬ 
tion through even a few inches of soil is an expensive process for them. 
Larvae that have had their reserve food greatly depleted, although still 
alive, may not have enough energy to penetrate the skin of a host. 

Mode of infection. Infection normally takes place by penetration 
of the skin by the larvae; this important discovery was first made by 
Looss in 1898 when he accidentally spilled some water containing 
larvae on his hands and acquired an infection. Skin penetration usually 
results from contact with infested soil, most frequently when the victim 
is barefooted, but mud containing larvae kicked against the ankles 
causes numerous light infections in well-shod people. Infection may 
also come from handling feces-soiled clothing, etc., if they are left 
damp 1 or 5 days before being laundered. Less frequently, infection 
results from water or food harboring the infective larvae. Larvae 
thus swallowed sometimes, though not commonly, develop without 
migration through the lungs. 

I he larvae burrow until they enter a lymph or blood vessel and are 
then carried by the blood stream to the right side of the heart and 
thence to the lungs, where they are usually caught in the capillaries and 
acain proceed to burrow, this time into the air spaces of the lung. The 
c iliary movement of the epithelium of the bronchial tubes and trachea 
carries them to the throat, whence they are either expectorated with 
sputum or swallowed. If they are swallowed, they go to the intestine 
me! buiv themselves between the villi and in the depths of glands for 
i brie I p ri'd until the third molt is completed, after which they acquire 
a [ii ■sional mouth capsule and can successfullv adhere to the mucosa. 


1 la* third molt may occur as early as 3 days after infection, but it may 
m delayed io: several clays longer. The larvae grow rapidly to a 
iergth of 3 to *5 mm. and then molt for the fourth and last time, with 
i.u acquisition «>f the definitive mouth capsule and the development of 
reproductive organs. In man the eggs first begin to appear in the feces 
usually about f> weeks after infection. 


Longevity, i he length ol lile of the adult worms in the intestine 
may he 5 years or more; Palmer recently described an experimental 
human infection with Nccator that lasted for 15 years. However, the 
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life span of the majority of a hookworm population is much shorter 
There are obviously differences in how long particular humans wall 
harbor the worms. The senior author carried a light experimental 
infection of Necalor for over 4 years, whereas the junior author re¬ 
tained a similar infection for less than 6 months. 

There is evidence that in natural infections, when repeated reinfec¬ 
tions occur, the peak of egg production of newly acquired worms may 
occur after about 6 months, after which there is a rapid falling off in 
number of worms. A high percentage of newly acquired worms m 
repeatedly infected individuals is probably lost wit un a year. In places 
where there are prolonged unfavorable seasons little -ute m- 
crease in worms can occur on account of the large annual reduction 
in worms during the season when reinfection is largely stopped 
Epidemiology. Many environmental factors influence the amount 
of hookworm infection in a community. Temperature, as already mt, 
mated, is a prime controlling factor. Rainfall ,s also of ^ndamenUl 
importance. Heavy hookworm infections are never common n local - 
ties having less than 40 in. of rain a year, and w ith la^er annu 1 
rainfall much depends on the seasonal distribution and on the^tnbu 
don within each month, for hookworm larvae will not withstand com 

plete desiccation. , A 

When soil is drying, c.g.. after a shower, or as fcccs - 

of the larvae escape desiccation by retreatingfinder the surface of t 

soil ahead of the receding zone of tree ,"0.^ ^ 2. ' " r 

so and become victims of desiccation. Immediately olio mg ajam 

the surviving larvae «|to thelong before the 

wetted once a day the number of viable larvae fell off about 90 
within a week whereas in soil which was not moistened and became 

5 and loose a, the surface, most of the larvae lived W 
Probably extremely few larvae survive m tropical sod fo m re h.,n 

6 or 7 weeks. Excessive rainfall, resulting m saturated so. ma> e < 
an even greater check on hookworm infection. Such ocal factors as 

the effect of intershower drying. , . • 

The nature of the soil is very influential; hookworm never Am« 
regions of heavy clay soil, whereas in ad.oinmg areas wthsand or 
humus soil it may constitute an important problem Salt >' n P r ^' j ' 
of soil is also injurious. Vegetation exerts an ato. s, mcc^c 
shade is far more favorable for the development and ' 

larvae than light shade or exposure to sun. Irrigation mas make ran. 
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less regions favorable for hookworm if moistened soil is selected for 
defecation. 

Animals, such as pigs, dogs, and cattle, which devour feces, especially 
in the tropics, exert an influence, since in pigs and dogs the eggs in fresh 
feces pass through the animals uninjured and may be voided with the 
feces of the animals in places where they are more or less likely to 
cause infection. In chickens, on the other hand, and probably in cattle 
also, most of the eggs are destroyed when ingested. Insects play an 
important role. Dung beetles are allies of hookworms since they mix 
feces with soil and render the cultural conditions more favorable; 
cockroaches, on the other hand, destroy most of the eggs in their 
' gizzards" and were found by the senior author to play an important 
part in keeping down hookworm infections in Indian mines. 

Many human factors also affect the amount of hookworm. Some 
races are more susceptible than others. The white race is particularly 
susceptible, and Negroes very slightly so. The other races appear to 
occupy intermediate positions. Age and sex and the corresponding 
differences in habits influence the amount of infection and also affect 
the injury done by a given number of worms, for females are more 
injured than males and children more than adults. 

Occupation is often a determining factor, insofar as it leads to habits 
which render the acquisition of worms more likely. In most countries 
agriculture and mining are the main hookworm occupations, but in most 
places the infection is not strictly agricultural but merely rural. The 
raising of such crops as coffee, tea, sugar, cacao, and bananas is particu¬ 
larly conducive to hookworm in soil-pollution countries since these 
crops are grow n in moist, warm climates under conditions affording an 
abundance ol shade and suitable soil; cotton and grain raising are much 
less dangerous since these crops are grown in drier areas, and cotton 
in unfavorable soil. Raising of rice and jute, mainly on flooded 
ground is not associated with heavy hookworm infections. In China 
and Japan, where night soil is used as fertilizer, hookworm infection is 
more strictly agricultural and varies greatly with the type of crop pro¬ 
duced and the manner in which the night soil is used. Especially 
heavy infections occur in districts where mulberries and sweet potatoes 
are laised, since ideal conditions for hookworm propagation are 
afforded. 

Defecation habits are also of great importance. In soil-pollution 
countries the greater part of the infections are acquired while standing 
on previously polluted ground during the act of defecation. The con¬ 
centration of the defecation areas, the extent to which people mingle in 
common areas around villages, the type of places selected, etc., are all 
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influential factors. Wherever simple soil pollution is modified by 
the use of standing places or primitive latrines that keep the feet oif 
the polluted ground and bring about an unfavorable concentration of 
fecal material, hookworm infections are light. 

The wearing of shoes also affords a high degree of protection; in 
southern United States and Queensland heavy hookworm infection is 
almost entirely limited to children who are less than 14 to 16 years of 
age, since after the age of 14 shoes are habitually worn. Even simple 
sandals or wooden soles without uppers, as worn in parts of India, 


are effective. 

Expectoration habits also have an important effect; those individuals 
who habitually spit out phlegm collecting in the mouth get rid of many 
of the hookworms which invade the body. From Suez to Singapore the 
Orient is polka-dotted with the red expectorations of betel-nut chewers; 
this prevalence of chewing, and consequent expectoration, is probably 
an important factor in keeping hookworm infections at a relatively low 
level in Far Eastern countries. A notion was formerly prevalent in 
our southern states that tobacco chewing is conducive to health. There 
is no virtue in tobacco juice per sc, but the constant spitting entailed 
would have a salubrious effect. 

Effect of diet. Diet is of profound importance. As we shall sec, 
most of the injury done by hookworms is the result of blood loss, for 
the replacement of which large amounts of iron, protein, and vitamins 
are required in the diet. If these are present in adequate amounts the 
host soon develops a partial immunity which results both ... resistance 
to reinfection and in inhibition of reproduction and ultimate loss o 
worms already harbored. In other words, a good diet, as I oster and 
Cort demonstrated long ago (19-32), does not permit serious damage 
from hookworm infection to occur except when there are overwhelming 
initial infections with the blood loss so great that no diet can com¬ 
pensate for it. A diet deficient in protein, plus loss of protein resulting 
from the bloodsucking of worms already present, permits no protein 
reserve for the production of new gamma globulin ... the form o 
antibodies, so no immune response can develop, or if developed will 
break down. Provision of iron under such circumstances does little 
good, for protein as well as iron is necessary for manufacture o 
hemoglobin, and the iron alone does nothing towards development ol 
immunity. As Cruz (1948) pointed out. hookworm disease is es¬ 
sentially associated with malnutrition. The severity of hookworm 
disease in a community is measured more by the adequacy of the diet 
than it is by the average number of hookworms harbored or the degree 
of exposure to infection. 
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Pathology, preintestinal phase. When human hookworms enter 
the skin they may cause “ground itch” or “water sore,” characterized 
by itching and inflammation and often development of pustular sores 
from secondary bacterial invasion. Unless secondarily infected, the 
skin reaction is of short duration. Similar reactions may occur when 
Strongyloides larvae penetrate the skin (see p. 468) and there is 
evidence that all these skin reactions are allergic in nature (see Beaver, 
1956). 



Fig. 127. Creeping eruption; left, typical lesions, including results of scratch¬ 
ing an infected leg; n'g/i/, lemons experimentally produced by application of a 
pure culture of Ancylostoma braziliciuc to the forearm. (From photographs by 

\V. E. Dove.) 


Some “foreign” species of hookworms, particularly Ancylostoma 
brazil commonly fail to find their way below the germinative 
layer of skin, thus failing to reach blood or lymph vessels. They then 
wander aimlessly just under the surface, sometimes for 3 months or 
.note, causing tortuous channels—a condition known as cutaneous 
larva migrans or more popularly as “creeping eruption” (Fig. 127). 
The severity ot the reaction is conditioned by previous sensitization 
-he allergic responsiveness of the victim. A similar effect is 


produced by the European dog hookworm, Uncinaria stcnoccphala t 
hut it usually lasts only 2 to 4 weeks; and Mayhew has observed a 
still k>s \». nsive and less durable eruption from the larvae of the 
cattie hookworm, Bunostonmm phlcbotomum. 

In highly allergic individuals A. caninum may cause severe skin 
reactions, hough not typical creeping eruption. Creeping eruption is 
common on the coasts of southern United States and tropical America, 
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where children play in sandpiles or adults on bathing beaches that 
are the chosen defecation sites of dogs and cats infected with A. 
braziliense. The nonhuman hookworms that produce cutaneous larva 
migrans may eventually migrate to the interior of the body and 
persist to produce visceral larva migrans (see p. 459). These infec¬ 
tions could be prevented by excluding dogs and cats from such 
places, or bathers from beaches that are not washed by tides. Mills* 
paugh and Sompayrac (1942) reported that in Florida creeping 
eruption incapacitated a considerable number of naval personnel. 
The most effective treatment is local freezing, shortly ahead of the 
end of the inflamed burrows, by application of ethyl chloride sprays 
or CO., snow. Control of dog and cat hookworms is considered on 
pp. 436-437. 

The next effect of human hookworms is in the lungs, where the bur¬ 
rowing larvae may predispose to pulmonary infection or even cause 
pneumonia symptoms themselves, if numerous. Rodents, in which 
hookworm larvae migrate to the lungs, die of extensive pulmonary 
hemorrhages if large doses are administered. 

In repeatedly infected cases many larvae are frustrated in their 
migration through the body by the development of immunity. Immu¬ 
nized serum causes precipitates to form about the mouth, intestine, 
anus, and excretory pore of migrating larvae, probably directed against 
digestive enzymes or metabolic products of some kind. The larvae 
are also immobilized, and many are destroyed by encapsulation and 
phagocytosis in the skin, lymph glands, or lungs. 1 he eosmophilia 
and occasional leucocytosis associated with hookworm infection prob¬ 
ably result from liberation of proteins from such captured worms in 
partially immune persons. This larval phase of infection was empha¬ 
sized by Ashford. Payne, and Payne (1933). 

intestinal phase. After several weeks, as the worms are matur¬ 
ing in the intestine, there may be some nausea, abdominal discomfort, 
and sometimes diarrhea, but the principal effects are due to anemia, 
resulting from the constant sucking of blood. W ells (1931) calculated 
that 500 A. caninum in a dog may suck nearly a pint of blood per 
day. The permanent loss of most of the iron, as well as large amounts 
of protein, causes reduction in number and size of corpuscles and in 
their hemoglobin content, unless both the iron and the protein are 
adequately replaced in the diet. In children the diversion ol nutriment 
to keep the hemoglobin up to standard interferes with normal growth, 
thus causing a stunting in size. 

When the repair cannot keep pace with the damage and immunity 
fails to develop, symptoms appear. In severe cases the hemoglobin 
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may be reduced to 30% or less, with 2,000,000 or less corpuscles per 
cubic millimeter. The most noticeable symptoms are a severe pallor; 
extreme languor and indisposition to play or work, popularly inter¬ 
preted as laziness; a flabbiness and tenderness of the muscles; breath¬ 
lessness after slight exertion; enlargement and palpitation of the heart, 
with weak and irregular pulse; edema, making the face puffy and the 
abdomen “pot-bellied”; a fishlike stare in the eyes; reduced perspira¬ 
tion; more or less irregular fever; and heartburn, flatulence, and abdom- 



Flg. 128. Hookworms on wall of intestine, showing lesions. (After International 
Health Board, chart.) 


inal discomfort. The appetite is capricious, and frequently there is 
m abnormal craving for coarse "scratchy" substances such as soil, 
•nlk. and wood. Severe hookworm cases in our southern states a 
h*w decades ago were often “dirt-eaters," though they rarely ad¬ 
mitted it.* 

Children may suffer several years' retardation in physical and mental 
development, with puberty long delayed. The mental retardation 
lMilts in stupidity and backwardness in school, and there are some¬ 
thin s other nervous manifestations, such as dizziness, insomnia, 
illusions, general nervousness, and fidgety movements. 

i I*e ‘Heels of hookworm infection arc particularly severe during 
pregnancy when the demand for protein and iron by the developing 
ictus put» an extra drain on the mother. Hookworm is the cause of 
a tremendous number of stillbirths and is believed by some to be a 


optical 


' Dirt-eating or "pica” 
1 hi: relationship betwcoi 
cation. 


aho occurs in individuals not infected with hookworm, 
pica" and hookworm infection needs further clarifi- 
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more serious complication of pregnancy than even syphilis or eclampsia. 
The reduction of labor efficiency from hookworm infection may amount 
to 25 or even 50%, and there may be additional loss from sickness 

and death. . 

Grades of infection. In earlier days much emphasis was put on 
the mere presence or absence of infection. Darling in 191S was the 
first to emphasize the importance of the number of hookworms 
harbored, though now we know that even the number may not mean 
much without considering the adequacy of the diet as well. The firs 
efforts to estimate the number of hookworms harbored were based 
on worm counts after treatment, but the technical difficulties were too 
great. In 1923 Stoll devised an easy method of counting the eggs pi r 
gram in the feces of infected people and demonstrated that there was 
a rough correlation between eggs per gram (epg) and number of 
worms harbored. This method, or modifications of it, has been a 
valuable yardstick not only for measuring the hookworm burden of 
communities and the efficacy ol control measures, but also for demon¬ 
strating the effect of different degrees of infection under varying 

^SHghl" infections with 50 worms or less are practically harmless 
except in a person who needs additional food much more than he 
needs hookworm treatment: ordinarily such infect,ons can saf e 
ignored. Even several hundred worms may produce no measurable 
symptoms in a person on a good diet, not pregnant, and no suffer,, g 
from overwork or chronic disease, but Mill and Andrews 1942) 
Georgia found a falling off in hemoglobin in the group with -000 o 
4000 eggs per gram (about 60 to 120 worms), winch became-marked 
in the 4000 to 8000 group anil severe „i cases with oxer lo.OOO , ,. 
It is not possible to set any definite limits to these grades of mjur 
the case of any individual, but in communities the lyrcentage fidling 
into different egg-count groups gives a useful melex to the hookuor,, 
burden, and correlation with hemoglobin percentages gives valuable 
information on susceptibility to injury under existing el.etary and 

environmental conditions. . . 

The erroneousness of judging hookworm infect,on by the percentage 
of people infected is nowhere better demonstrated than ... Bengal, 
where an average of at least 80% of the 46,000,000 -"habitants are 
infected, a condition which some years ago was spoken of as stag¬ 
gering." But egg counts show that in 90% of the area of Bengal 
the average number of worms harbored per person ,s less than .0, and 
not more than 1% of the people are estimated to have over 16( 
worms and almost none over 400. In other words, instead oi being 
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a staggering problem involving the health of over 35,000,000 people, 
it is negligible from the public-health point of view. 

Diagnosis. Hookworm infection can rarely be diagnosed with cer¬ 
tainty by symptoms, but a positive diagnosis is easily obtainable by 
modem flotation methods of finding eggs in the stools. If it is only 
desired to find infections which need treatment, the simple smear 
method suffices, but more accurate diagnosis can be made by the 
methods discussed on p. 253. Community diagnosis, i.e., the hook¬ 
worm burden of a community, can be ascertained by means of egg 
counts as described on p. 254. 

The collection of fecal samples for diagnosis on a large scale can be 
made in bottles containing a few cubic centimeters of antiformin as 
described by Maplestone in 1929, or with 1% NaCl added in the 
proportion of 30 : 1 as suggested by Maplestone and Mukerji in 1943. 
In either case the specimens can be sent to a central laboratory for 
examination, thus eliminating the necessity for a moving field labora¬ 
tory, for the specimens are useful for both diagnosis and egg counts 
even after several days. 

Treatment. The treatment of hookworm infection has undergone 
an interesting evolution. Thymol, introduced in 1880, was the classi¬ 
cal treatment for many years but was superseded by oil of chenopo- 
dium during World War I. The latter drug is more effective against 
Ascoris than against hookworms, and is often combined with tetra- 
chlorcthylcnc when both worms arc present. It has the advantage of 
cheapness and of being administered in liquid, but it is too toxic for 
general use. In 1921 carbon tetrachloride, previously best known as 
a fire extinguisher, was introduced and within a few years became 
widely used all over the world; now, however, it is seldom used 
because of the damage it docs to the liver, and its dangerousness 
when there is a calcium deficiency. 

In 1925 tetrachlorcthylene, and in 1930 hexylresorcinol, were found 
to be highly effective and relatively nontoxic, and these two drugs are 
th ones most frequently used at present. Tetrachlorcthylene is given 
h. oil gelatin capsules in a dose of 0.5 to 0.6 cc. per pound of body 
w* i&hh up to a maximum of 4 or 5 cc. This removes about 75% of 
the locators, with complete cures in about two-thirds of the cases, 
but it is considerably less effective, as are other drugs, against 
>incy!)s tomes. The only side effects are a brief burning sensation in 
the stomach, slight nausea, and a drunken sensation. Best results 
are obtained if the patients are treated before eating in the morning 
and noi given a subsequent purge (Carr et al., 1954). 

Hexylresorcinol in crystalline form in capsules (crystoids) eliminates 
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about 60 to 75% of the worms harbored and lias the added advantage 
of eliminating 90 to 100% of Ascaris and 50% of Trichuris. The dose 
for adults is five 0.2-gram pills (1 gram), three to four for a school 
child, and one for each 2 years of age up to 6: a sodium sulfate purge 
is given 2 hours later. This less toxic drug is preferable in pregnancy 
and illness, and for delicate children. Both tetrachlorethylene and 
hexylresorcinol have the disadvantage of having to be administered 
in capsules. 

In places where Ascaris infections are common a pood plan is to 
give hexylresorcinol first to eliminate the Ascaris and most of the 
hookworms, following it a week or 10 days later with a treatment ot 
tetrachlorethylene. The latter drug irritates but does not kill Ascaris, 
and sometimes causes them to tangle themselves in knots that block 
the intestine and must be removed by operation. 

Copp et al. (1958) reported that the biphenium compounds are 
effective against certain nematodes and Young et al. (1958) found 
them to have considerable effectiveness in human hookworm infec¬ 
tion. Dithiazanine, which is effective against Ascaris, Indians, and 
Strongyloides , has some effect against hookworms also. Tins drug 
approaches the broad spectrum anthelmintic drug that has been 

sought for many a year. f . . .. 

Improvement after deworming is very slow, whereas administration 
of iron in the form of ferrous sulfate or gluconate at the rate of 1 gram 
per dav for adults, with a rich diet in protein and vitamins, causes 
rapid improvement. In weak, anemic cases, and ... pregnancy, the 
blood should be built up by iron and protein therapy before an 

anthelmintic is given. .. 

Mass treatment. Mass treatment, first advocated by Darling, 
greatly speeds up hookworm campaigns. By this is meant the treat¬ 
ment, without preliminary diagnosis, of an entire community at one 
time, when the great majority of the individuals are found to be 
infected. The diagnosis itself does not require so much tune, but the 
difficulty in obtaining fecal samples from primitive people is well 
known to anyone who has tried it: in many cases it is quite impossible. 
If all the members of a community are treated at once, preferably in 
a dry or cold season when rapid reinfection from an already badly 
infested soil cannot occur, the reduction in infection is striking and 
durable. In Fiji practically the entire population was treated ... two 
years, a feat which could not have been accomplished in any length 
of time by the older methods, for, long before even a fair percentage 
of the people could have been covered by diagnostic measures, those 
first treated would again have been infected from their untreated 
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neighbors. The original mass treatment in Fiji was made in 1922 and 
1923 and was followed by improvement in the sanitary conditions of 
the soil. In 1935 Lambert reported that clinical hookworm disease 
was still rare in Fiji; the people were healthier, happier, and more 
prosperous, and hookworm had been eliminated as an important 
economic factor. The Red Chinese have recently reported that they 
are carrying out a mass antihookworm campaign, but details allowing 
an evaluation of its extent do not seem to be available. 

Prevention. Theoretically, few if any diseases can be as simply, 
as certainly, and as easily controlled as hookworm. Diagnosis is easy 
and accurate, treatment reduces existing infections to a negligible 
point, and reinfection can be prevented by stopping soil pollution, for 
no other animals, except possibly pigs and apes, and these only in 
some localities, harbor human hookworms. But in the prevention of 
soil pollution the sanitarian runs into a snag. The difficulties involved 
in this seemingly simple procedure are infinitely greater than the 
average inhabitant of a civilized sanitary country would suspect. 
It involves an attempt to induce hundreds of millions of people in 
tropical and subtropical countries to abandon habits which have been 
ingrained in them lor countless generations and in some instances 
dictated by religion, and to adopt in their place unfamiliar habits 
that seem to them obnoxious and undesirable and the reasons for 
which they cannot readily grasp. 

Even in our own southern states a survey in the early part of the 
present century showed that in the hookworm belt about 68% of 
the rural homes were not provided with privies of any kind. Fortu¬ 
nately there has been much improvement in this respect, but in 
many rural districts where privies do exist, their use is restricted 
to the women and children or to the family of the manager. Among 
e j.baros or plantation laborers of Puerto Rico, of 61 hookworm 
pat en s who questioned. 55 never had used privies of any kind. 

districts, hC " W ‘ “ occasionall >' “«■ ‘hem, only 2 lived in rural 

t r( 1 ;;;:,7Tr :,re available for ,,se in ,he °< ^kwo™ 

of TcT'r ‘ t , y S, I ,ppl0, " en,s - l’ roU ' c,io " ° f ‘he feet, disinfection 
, S °. ' T‘ |,rovcn,i °u of soil pollution. Mass treatment 

of tl < T I' ■ r< i ' ef a " Sl ° WS " P “ ,e ra,e of "^infection on account 
mVn uUw / ,C,,0n m,mb ° r ° f eggs reaching the soil; but treat- 
never vet .' , C °TT"">' re P«*‘ed. * inadequate, since it has 

,,| thi ; . and pr " bab| y never will be found feasible to eliminate 

Hill in , 107 ?' an< ;Z feCHOn i,,evitab| y Allows. In Puerto Rico, 
“''l 1927 ' rea,ed 1(X)0 People in an isolated valley and eliminated 
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97.5% of the worms. In one year the residual infection increased 
to 5007c and was nearly 20% of the infection before treatment. 

Cruz and de Mello (1945), recognizing the extent to which hook¬ 
worm disease is influenced by diet, suggested the wholesale addition 
of iron to food as preventive measure, just as iodine is added to 
water to prevent goiter. It is more difficult, since the iron used must 
be in a cheap, stable form and must not markedly discolor food or 
give objectionable tastes. In Brazil they suggested ferrous sulfate 
added to cassava meal, or iron and ammonium citrate to beans. For 
people with hookworm anemia they recommended 1 gram per day 
until the hemoglobin is normal, then 0.5 gram for SO days, and then 
0.25 gram for 80 days more. Provided that there is adequate protein 
in the diet, such a program not only would eliminate symptoms but 
also would permit development of immunity, reduce the number of 
eggs reaching the soil, and eventually lead to a much lower hook¬ 
worm burden even without improvement in sanitary conditions. 

Wearing of footgear is a valuable measure when it can be con¬ 
sistently enforced; it is essential for individuals in infected areas 
who desire to protect themselves. However, the wearing of footgear 
is often as difficult to enforce in the tropics as is sanitary disposal ol 
feces, and it is far less effective in ultimate control. It is a valuable 
temporary measure, comparable with the use of mosquito screens for 
the control of malaria, but it does not get at the root of the trouble. 

Disinfection of soil or feces is difficult. Salt can be effectively used 
under certain conditions, especially in mines, and lime added to feces 
is an effective method of killing hookworms in night soil. Sodium 
borate, calcium cyanamide, and urea, especially the first, have been 
found fairly promising in eliminating hookworm larvae from limited 
areas, e.g., in dog or cat yards. Methyl bromide applied to the ground 
under an airtight covering of glue-coated paper (1 lb. to 64 sq. ft.) 
kills all worm larvae and eggs, and protozoan cysts as well, but it is 
too expensive except for small areas, for valuable breeding stock, 
zoos, etc. Further experiments are desirable in adding small amounts 
of such substi inces as sodium borate and phenothiazine to the diet ol 
animals. Low-level doses of phenothiazine (2 grams daily to horses) 
reduces the number of strongylid eggs passed and affects their 
fertility. 

Prevention of soil pollution, then, remains as the only dependable 
method of control of human hookworms under most conditions. 1 he 
efforts of sanitarians in this direction are not so prone to be too little 
and too late as to be too much and too soon; we are likely to try to 
force on tropical natives our own ideas of sanitary arrangements. 
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just as we try to force on them our ideas of ethics, religion, clothing, 
and food habits. It is better as a beginning to teach the coolie to 
defecate into a trench, from a log over a ditch, or from a low branch 
or root of a tree or even from a projecting stone, than to build an 
enclosed flyproof latrine, which he promptly befouls and which 
prejudices him against latrines in general. Meanwhile education will 
gradually alter prejudices, and eventually really sanitary privies to 
control such diseases as dysentery and typhoid as well as hookworm 
will be possible. 

In the United States Andrews (1942), in Georgia, pointed out that 
hookworm work should be directed toward the detection, prevention, 
and control of clinical infections. Most of these could be found by 
examination of large, low-income white families living on sandy or 
sandy-loam soil, without sanitary conveniences, and showing evidence 
of anemia. Attention should, he thinks, be concentrated on these 
families, omitting work where there is good sanitation, clay soil, good 
income, or a Negro population. The bulk of hookworm morbidity 
would then be revealed at a minimum of time and expense. 

The campaign against hookworm disease, which has been sponsored 
especially by the International Health Board, although a most worthy 
end in itself, leads to even greater benefits, for the work, while 
bringing relief to hundreds of thousands of suffering people, is at the 
same time serving the more useful purpose of creating a popular 
sentiment in support of permanent agencies for the promotion of 
public health. In the United States it led to rapid advances in rural 
hygiene and the establishment of county health organizations all 
over the country, and similar local organizations have been brought 
to life in main other countries. Schools of hygiene have been 
established in various parts of the world to provide trained men to 
■arn on il>« '.oik. the ultimate results which may come from the 
simple beginnings centered on the eradication of hookworm disease 
ar> impossible to estimate, hut in the light of the tremendous accom¬ 
plishments which we have seen realized since the inception of the work 
M t,K ‘ International Health Board about 1910 the outlook for the future 
is bright indeed. 


Other Strongvlata 


Other hookworms. Ancijlostoma caninum , A. ceylanicum, and 
.4. inazihensc, important parasites of dogs and cats, were discussed on 
! i 122 and 4o0. In Lurope dogs commonly harbor Uncinaria steno- 
ccphala , a hookworm related to Xecator but with only one pair of 
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lancets in the depth of the mouth capsule. The hookworms of 
cattle, sheep, and other ruminants belong to the genus Bunostomum, 
also related to Necator but with the dorsal lobe of the bursa asym¬ 
metrical. 

Family Strongylidae. The members of this family have globular, 
goblet-shaped or cylindrical deep or shallow mouth capsules, with a 




Fig. m. Heads Of various types "f Strongylala. A Strnwjhs .oto.r.v, B. 
Trlchonema tctracanthum; C. SUvhanun; ,Un,a„n; D Oew,,lm K os,omum 
cum; E, fourth-stage larva of Ocsopha^Uomum; /•. TcrnUen, *"'»«“■<* 
B, C, and F after Yorke and Maplevtone. Nematode Paras, cs Ver . W. v 
1926. D after Travassos and Vogelsang, Mein. Inst. Osvvaldo Cruz, 193., t 
after Monnig, Veterinary HclminlhotoM and Enlomologj. 1949.) 


crown of leaflets (corona radiata) guarding its entrance (Ftg 129). 
The family contains a number of species which are injurious to domes¬ 
tic animals and a few which are more or less frequent parasites of man. 
Among the more important forms are species of Oesoplm^lomum m 
pigs, ruminants, and primates; Strong,jlus and members of the sub¬ 
family Cyathostominae (also called Trichoneminac or Cylicosto.mnae) 
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in horses; Chabertia in sheep and goats; and Stephanurus (kidney 
worm) in pigs. 

The esophagostomes of pigs and ruminants and the strongyles 
of horses, as well as many of the trichostrongylids (discussed on pp. 
443 to 445), are very susceptible to treatment with phenothiazine, 
but this drug is relatively ineffective for worms of the hookworm 
lype. 

All the members of the Strongylidae have a life cycle similar to that 
of the hookworms except that the infective larvae of most genera do not 
penetrate the skin but are ingested with vegetation. The larvae have 
long pointed tails and are protected from desiccation by their sheaths. 
They are frequently found in an apparently dry state, but viable, curled 
up on the under side of grass or leaves. Many species retreat to the 
upper layers of the soil during the heat of the day. They are sus¬ 
ceptible to excessive heat or direct sunlight but not to freezing. Some 
of the species, e.g., Strongylus spp. (Fig. 129A), go on a roundabout 
tour through the body before growing to maturity in the intestine, but 
most of them spend their apprenticeship in nodules in the walls of 
the gut. 

The Cyathostominae or “small strongyles” (Fig. 129B) of horses 
also pass the first part of their parasitic life as larvae in nodules in the 
walls of the large intestine and cecum, but the nodules are smaller. 
One species of Strongylus (S. vulgaris ) frequently causes aneurisms of 
the mesenteric arteries in horses and is a cause of colic; the larvae 
migrate through the intestinal wall and between the layers of the mes¬ 
entery, enter the mesenteric artery where they develop in blood clots, 
and finally migrate back to the colon wall and into the lumen of the 
intestine. 


Hu esophagostomes or nodular worms are common and injurious 
pa. i ko of pig', bhcep, goats, cattle, apes, and monkeys, and are occa- 
si°" il parasites of man. They are about the size of’hookworms but 
a sh “'°' v mou,h capsule with a corona, and a groove behind the 
, 0,1 v w.lral side (Fig. 129D). When the infective larvae are 
b ' v ;l “ be p ,cd from their sheaths they do not at once establish 
themselves w the lumen of the intestine but first burrow into the lining 
oi me large intestine where the iiost forms a tumorlike nodule around 
them (Fig. 130). 

in young nonimmune animals the worms return to the lumen of 
H' intestine m 5 to 8 days and grow to maturity, but. as immunity 
develops, the tissue reaction becomes greater and manv of the worms 
ie,nan. imprisoned in the nodules, even for months. Older animals 
may have the large intestine covered with nodules but have very few 
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adult worms. The nodules are Y* to 1 in. in diameter and contain 
a greenish puslike substance surrounding the immature worm. Pro¬ 
gressive weakness and loss of weight are characteristic, with diarrhea 
in earlier stages. 

Several species of these worms, normally inhabiting apes and mon¬ 
keys, have been found on rare occasions in man, but, since the eggs are 



rig. 130. Tumor, or nodules of Ocwphagosiomom bifurcum in lar B e intestine 
of an African. % natural size. (After Bn.mpl. Pr Ms dc parasitologic. 1949.) 


indistingi.isl.able from those of hookworms, human cases may he much 
commoner than is suspected. 

In ruminants and apes the infection commonly produces severe ema¬ 
ciation and prolonged dysentery, and sometimes fatal peritonitis. In 
the encysted stage the worms are unaffected by anthelmintics, and they 
arc difficult to dislodge even when free on account of their location in 


the large intestine. 

A related worm, TcrnUlens ilcminutus, is a common parasite in 
natives of parts of southern East Africa; Sandground (1931) found 
light infections in 50 to 65% of natives examined in two villages ... 
southern Rhodesia. The eggs measure about 84 p by 51 /.. and arc 
usually in the eight-celled stage when passed. In various monkeys tins 
parasite occurs all the way fro... the Atlantic coast of Africa to south¬ 
east Asia and Celebes. The worms, which are bloodsuckers, super¬ 
ficially resemble hookworms but have a deep goblet-shaped buccal 
capsule with three teeth in the depths (Fig. 129/'). Its eggs may 
easily be mistaken for those of hookworms, but unlike hookworms 
Ternidens forms nodules in the intestine and is not expelled by the 
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usual hookworm remedies, so it may be much commoner in countries 
inhabited by its reservoir hosts than the records indicate. 

A strongylid which causes much damage in the colon of sheep is 
Chabertia ouina, a rather large worm, the females measuring up to 20 
mm. long, and having a globular mouth capsule with no teeth but with 
two crowns of extremely fine leaflets. It is a northern parasite; its 
larvae are capable of development at very low temperatures. In sheep 
it is 9 to 10 weeks after infection before eggs appear. 

Stephanurus dental us, the kidney worm of pigs, has a globular cap¬ 
sule with a very feeble corona (Fig. 129C) and a poorly developed 

bursa that is subterminal. After developing to 
the infective stage outside the body the larvae 
enter the body either by mouth or through the 
skin and go by way of the blood stream to the liver, 
where they live and grow for a few months, even¬ 
tually making their way to the kidneys. Here 
they become embedded, the eggs reaching the 
ureters and being excreted with the urine. They 
are rather injurious to pigs, and entail considerable 
economic loss from condemned liver and kidneys. 

Family Syngamidae. This family (sec p. 418) 
includes bloodsucking worms that live in the tra¬ 
chea and bronchi of birds and mammals. The 
worms are called gape worms or forked worms 
rig. ui. Riuht, because the male remains permanently attached 



i<- ul of 9 Sijiiiia- 

klnpt (after 
* i 1 r. /. Soc. 
io,>. M, t. H:jp., 
1)13). /.«,/ a 

?aii of worms in 


to the vulva of the female by its bursa, giving a 
forked appearance (Fig. 131); the females are 15 
to 20 mm. long and red in color. The eggs meas¬ 
ure about 85 by 50 /* and are in early stages of 
segmentation when oviposited. From the air pas- 


s 'agcs they are coughed up and swallowed, passing 


°"t with the feces. Although direct infection with 
« mhryonuted eggs \ possible, the eggs are frequently eaten by various 
invertebrates, in which the embryos hatch and become encapsulated, 
the invertebrates thus becoming transport' hosts. Earthworms are 
paihcuiarly important hosts and may harbor the infection for years, 
IM, ‘ l i’ts. spi ingtails. maggots, and others are also involved. When 
wallowed, the infective larvae penetrate the mucous membranes 
sllKl a,v carried to the lungs by the blood stream. 

One species. Sr/ngmmrc trachea, is an injurious parasite of turkeys, 
ug chickens, and pheasants, and a related worm affects geese. 
Many passerine birds such as robins, blackbirds, crows, and starlings 
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also harbor gapeworms, although Goble and Kutz in 1945 showed that 
several species are involved; these birds can serve as carriers of the 
poultry parasite. A number of instances of human infection with gape- 
worms have been recorded, all but one of them in tropical America; 
in most of these cases the species concerned was S. lanjngcus of cattle. 
The worms attack the pharynx, trachea, or neighboring air spaces in 
the head or throat, often causing nodules at the point ot attachment. 
Coughing and gaping are the usual symptoms, and chicks may die from 
obstruction of the trachea. Immunity develops quickly, but chicks 



rig. 132. A and H, head and bursa of TrickoH-meytm colubrifonms; C and 

D. head ( greatly enlarged) ami bi.r>. of Horn . rhu% conto'lm; t,\ hhxa\ tooth; 

dl, dorsal lobe; nub., tfiibrmaculu.n; other abbrex.at.om as ... 1 

after Looss; C, after Yorke and Maple>lone. Scmalodc Parades of \irltbruUs. 

1926; D, after Ransom.) 


lose their worms much more rapidly than turkeys. Barium antimonyl 
tartrate, inhaled as a dust, is recommended for treatment. Addition 
of 4% phcnothia/inc to the mash of chickens controls the infection, 
but it only kills the young worms when they hatch in the intestine, so 
it must be used continuously. 

Family Trichoslrongylidac. These worms, recognizable by he 
finely drawn-out head without a large buccal capsule, together with a 
well-developed bursa in the male ( Fig. 132). arc very important para¬ 
sites of domestic animals. Sheep, goats, and cattle suffer severely 
from the stomach worm, Hacmomhm contort,,*, and to a less extent 
from species of Trichoslrongjl "». Coo,,cri„, Ncmatodirus and Os cr- 
taurn. Trichostronujlus axel also lives in the stomach of horses 1 igs 
are infected with Hyostrongylus. These genera have the following 
characters: 
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1. Haemonchus: length, 9 20-30 mm., 2 10-20 mm.; small buccal 
cavity with a lancet; 9 with conspicuous vulvar flap; 2 with short, stout 
spicules and small asymmetrical dorsal lobe on bursa. (Fig. 132C, D.) 

2. Osiertagia: length, 9 8-9 mm., 3 6-8 mm.; head with very small 
buccal cavity; 2 with short spicules and small accessory bursal membrane 
dorsally. 

3. Cooperia: length, 9 about 6-7 mm., 2 about 5-6 mm.; head 25 n 
in diameter; no cervical or prebursal papillae; <5 with short spicules, 
branches of dorsal ray lyre-shaped. 

4. iSematodirus: length, 9 15-20 mm., 2 10-15 mm.; extremely slender; 
9 tail truncated with spinelike process; 2 with filiform spicules, dorsal ray 
split to base. 

5. Trichoslrongylus: length, 9 5-6 mm., 2 4-6 mm.; head 10 ti in 
diameter; 2 with short spicules, dorsal ray split only near tip. (Fig. 
132A, B.) 

6. Hyonirongylus: length, 9 5-8 mm., 2 4-5 mm.; very similar to 
Trichostrongylus but found only in pigs. 

The life cycles of all these worms are essentially the same; the eggs 
develop outside the host’s body into long-tailed, sheathed larvae most 
of which are capable of withstanding considerable desiccation and live 
for a long time. They gain access to their hosts by being ingested with 
vegetation. They grow to maturity directly in the intestine, although 
some species burrow into the mucous membrane before becoming 
established in the lumen of the intestine, and some, e.g., Ostertagia and 
C ooperia, like esophagostomes, become enclosed in nodules in partly 
immune animals. 


All these worms may cause a condition known as “verminous gastro¬ 
enteritis" l>y veterinarians, but more often as “black rush,” “black 
< by sheep men. As with hookworms, severe infection is 
icy- :t • ‘ poor nutrition or of overwhelming initial infections, for 
’* ,JC animais soon build up an immunity resulting in “self- 
'• Pulsion of the worms and resistance to reinfection. The 


occurrence of diarrhea, emaciation, failure to gain weight, anemia, 
i ■ .r uor.l pod it'tor., and general weakness and unthriftiness in the 


prese nce considerable numbers of trichostrongylids is prima facie 
1 1 ' 1 ' nutrition, resulting either from poor pasturage or, 

m m ’;, n : an!m ' ^ inability to get adequate milk from the moth- 
' htls is the only important bloodsucker in this 

,i • i 11 * ' n * u IV ' infections in young animals may cause enough 
! c ° * * P r(, duco severe anemia before immunity can develop, and 
imar > P^hogen, whereas the others are all secondary to 
,-n as Whitlock (1949, 1951) pointed out. Phenothiazine 
• 1 -. i> indicated in Haemonchus infections that are producing 

at ks ol iiimi !) less importance than improved nutrition under 

o;ner conditions. 
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Haemonchus contortus (stoinachworm or wireworm) (Fig. 132C, D) 
lives in the stomach (abomasum) of sheep, goats, and cattle, and may 
play havoc with young animals. It is much larger than other tricho- 
strongylids, the females being about 1 in. long and the males about V> 
in. It has a world-wide distribution. One human case has been 


reported from brazil. 

Ostcrtagia are also stomach parasites; they are brownish hairlike 
worms less than i/ 2 in. long. O. ostcrtagi is commoner than Haemon¬ 
chus in cattle in western United States. 

Trichostrongylus (Fig. 132.4, B) contains many species of minute 
reddish hairworms only about 1 \ in. in length. T. axci lives in the 
stomach of ruminants and horses, and rarely in man. Sheep and goats 
suffer from a number of species, T. coluhrifonnis , vitrinus , and capri- 
cola being the commonest. Andrews (1939) showed that in pure ex¬ 
perimental infections Trichostrongylus produces a profuse, continuous 
diarrhea. Animals with very heavy infections die after several weeks. 

Human Trichostrongylus infections are fairly common in parts of 
the Middle East, Far East, and the tropics, with incidences running 


as high as 80% in some localities, e.g., in parts of Japan. In Egypt 
and other places a high incidence of Trichostrongylus infections prob- 
ably reflects the close association of man and animals, especially where 
they share the same house. Since the infections are usually very light 
they are of little consequence, but the eggs resemble those of hook¬ 
worms enough to be mistaken for them by people unfamiilar with 
them; they are, however, larger, more slender, and more pointed at one 
end. The worms are not expelled by hookworm remedies. For the 
most part the species involved have not been determined. 

Nematodirus and Coopcria also contain species parasitic in the 
duodenum of sheep and goats, and the latter also in cattle. Nana- 
todirus is remarkable for its large eggs, up to 2<X) ^ or more long, and 
for its larvae, which undergo two molts in the egg before they hatch 
and climb to a vantage point on grass. Hyostrongylus, the reel 
stoinachworm of pigs, is only % in. long and red in color. In poorly 
nourished pigs it produces effects similar to those of most other tricho- 


strongyles. 

Mention should also be made of the subfamily Heligmosominae, 
which are parasites of rodents; they arc tiny red worms which have a 
single ovary and uterus and which roll their bodies in spirals. 

Metastrongylidae (lungworms). These slender worms inhabit 
various parts of the respiratory system of mammals; most of them 
inhabit the fine branches of the bronchial tubes of the lungs, but one 
species lives in the heart and pulmonary arteries of dogs, and others in 
the frontal sinuses of tigers, skunks, and mink. 
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Species of the genus Dictyocaulus, which inhabit the bronchial tubes 
of sheep, cattle, and horses, are threadlike worms several inches in 
length. In a number of ways they show affinity with trichostrongylids; 
they have short, robust spicules, a vulva near the middle of the body, 
well-developed ovejectors, and no intermediate hosts. The larvae hatch 
in the bronchi of the host and are either coughed out or swallowed 
and passed in the feces. They are peculiar in not feeding at all in the 
free-living phase; they molt twice, and both shed cuticles are retained 
for a time. They infect by being swallowed, and they reach the lungs 
via the lymph system. These worms may cause coughing and bron¬ 
chitis, and in sheep may block off so much of the lungs as to be fatal. 

Lungworms of the subfamily Metastrongylinae have medium or very 
long spicules, and the vulva is a short distance in front of the anus ( Fig. 
1.33A). In the genera Mctastrongylus and Chocrostronoyhis , impor¬ 
tant parasites of pigs, the spicules are very long and the female has a 
finger I ike tail (Fig. 1-33D). These pig parasites produce thick-shelled 
cmbryonated eggs which hatch when ingested by certain species of 
earthworms, in which they develop to the infective stage. Members 
° lhe Sl,bfami, y Protostrongylinae (Protostrongylus and MucUcrius of 
ruminants, Aclurosirongylus of cats, and several genera in deer) 
develop in mollusks. The embryos hatch before leaving the body and 
burrow into the foot of various land snails and slugs, where they un¬ 
dergo two molts, become encapsulated, and remain infective as long as 
! K ’ s,,in r< mai,,s a,ive * As Hobmaier remarked, the utilization of mol- 
,7" as f mU T me< iatc h ' sts l) y thcse worms probably grew out of their 
•• 'd ot .■eeking protection from desiccation in the slime of the mol- 

' *« .pc i sof lungworm, Mctastrongylus dongatus (Fig. 133) 
oec-n found in man, and this only three times. 

!U ,; npt; *1 treatment of lungworms in animals have been made by 
;n, ‘ lh0 ? ° r varioi,s substances and by inhalation of chloro- 
' ‘ Millnr. etc., but with good care the animals resist 
1 am, suun lose their worms. 

! "V“ ! l,,r he,min,l 'ology in general is the demon- 
' " th “ l s "' ine influenza is caused by a com- 
li ii bored ll ' lc,< ' ria a »<> a virus, and that the virus 

V„., ()rs ;! !l rva ‘‘ ° f lu,, J5 w °rm* (Metastrongylus), which serve 

K op i, , “ ' ,r,IS , s,lrv,ves ns l<>"g as tliree years in lung- 
•; , , k ' eai * l " v orms; it is thus perpetuated from one 

hoi tin- v ' i | ICS ,° Slmngylus have likewise been found 

’ to be c inihl T mP feVCr ° f horses - and Triclunclla has been 
capable of earning the viruses of lymphocytic chorio- 


lit/ v| It 
c : Pi cell 
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Fl„. 133 . A and B. comparison of female reproductive system 
strongylid (A) and a tricluMrongylid <B>: -■ ■«' ; «■ • ” r 

° f oe.*. ..ter of i SXU*. . 

*■ -* - “— 

x3. (Adapted from various authors.) 


meningitis and poliomyelitis into the nervous system. The fluke \a o- 
phjetus salmincoln is a carrier of the ricketts.a of salmon-pmso ung 
and Helcrakis (p. 459) for the flagellate. Itoomomu . (p. 1«» >■ ' 
been suggested that Dicnlamocba enters the host in the egg of Entcrc 
bius. The role of helminths as vectors for viruses and other disease 
agents is, however, still an almost virgin livid. 
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OTHER INTESTINAL NEMATODES 


ASCARIDATA. I. ASCARIDOIDEA 

As noted on p. 397, the suborder Ascaridata consists of two super- 
families, the Ascaridoidea and the Oxyuroidea. The former contains 
for the most part relatively large, opaque, /Ucam-like worms of which 
there are numerous species parasitic in all kinds of vertebrates, whereas 
the latter contains smaller, transparent, Oxi/um-likc worms which are 
parasitic mostly in the cecum and colon of vertebrates and also of 
insect s. 


A scar is I u in b ricoitl es 


General Account. Ascaris Uimbricoides has undoubtedly been one 
of man’s most faithful and constant companions from time immemorial, 
probab'y since he began domesticating pigs and by his habits made 
si: ;« the development of a special strain particularly adapted for 
• v\ n intestine. This worm has clung to mankind suc- 


- • stone, copper, and iron ages, but plumbing 
mu Uru; vt nit* il'v to dissolve the partnership if children can be 

tough. Wherever soil pollution prevails, if only 
••y to dims m the '! oryards. and wherever there is warmth and mois¬ 
ture Av.y/..\>- ina ctions are common. 

Ascurn is out of the longest-known human parasites, it is 
' ! I ' that important details of its life cycle were unknown 
H im 1UH>. and the- factors influencing its epidemiology were not 
OuckLiI^I nntil «**'• "HQ. One reason for this is that Ascaris infec- 
' il not been taken very seriously and their injurious 
' minimized, whereas the effects of hookworm have 
. ‘ 0 *•» Age rated. Early in the present century Ascaris came 

imelight as an injurious and sometimes dangerous parasite. 
' Vntil 3 parasitc ste P s *«to prominence nowadays it has little 


«50 


more 
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chance to keep any details of its life and habits under cover than has 
a candidate for public office. 

Morphology. Ascaris lunibricoides is a large nematode; the females 
commonly reach a length of 8 to 14 in. or even more, and are 4 to 6 
mm. in diameter. The males are 6 to 12 in. long but distinctly more 
slender than the adult females; they arc always distinguishable by the 
curled tail, whereas the females have a blunt tail (Fig. 134). Both 
sexes arc more slender at the head end. , 

In common with other members of the Ascandoidea. A lumbncoides 
has the mouth guarded by three lips, one dorsal and two latero-ventral, 
each with minute papillae (Fig. mil). The esophagus is near y 
cylindrical and is followed by a flattened, ribbonl.ke mtestme. The 
vulva is situated about one-third the distance- from head to tail. The 
coiled tail of the male is short and provided with a character sbe 
number and arrangement of papillae but no alae. Thu » a 

favorite object for the study of nematode anatomy since > is always 
easily obtainable and is easily dissected. An Ascaris morphologically 
indistinguishable from the human species is a very common paras te 
pigs, but the two worms are physiologically distinct: ^gs o, 
host species do not readily infect the other, so pigs are ncghg.blc as 
reservoirs. Both pigs and dogs may. however, be important the 
dissemination of eggs which they have ingested wKhhmn.mlccs 

Life Cycle. The adult Ascaris normally lives m the small 
where it is supposed to feed on the sc,indigested food ol the ° 
there is evidence that it commonly bites the mucous '-lembra K ^, , 
its lips and sucks blood and tissue juices to some extent, tori (IMS) 
showed that a related worm. Ascari.lia ■■alii of chickens, ,s highly us- 
ceptiblc to host starvation for 4S hours, jus. as are lapewo ns and that 
many are expelled when their stored glycogen supply is depleted. 

The egg production of Ascaris is astounding. Cram (192.,) esti¬ 
mated the number of eggs contained in a mature female worm to « 

as high as 27 , 000 , 000 . and the eggs per gram of feces for each f a 
worm may be in excess of 2000. This would indicate a daily pro I u - 
tion of something like 200.000 eggs! Evidently the chances agam 
the offspring of an Ascaris reaching a comfortable maternity vv.ml m 

a human intestine are many millions to one. 

The eggs (Fig. 55 U. V) have a thick, clear, inner shell covered o or 

by a warty, albuminous ex,a, which is stained yellow or brown m the 
intestine; they usually measure about 00 to 70 by 40 to 50 - 

fertilized eggs (Fig. 55W) are more difficult or a beginner to eh, .f^ 
since they are more elongate and less regularly oval shape a. I have 
amorphous contents instead of the well-defined round cell of the fc- 
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tilized eggs. The warty, albuminous coat dissolves o(F in sodium 
hydroxide, so in feces examined by Stoll's egg-count method the eggs 
may have only the thick inner shell. 

The eggs are unsegmented when they leave the host. In order to 
develop they require a temperature lower than that of the human body, 
at least a trace of moisture, and oxygen. They are very resistant to 
chemical substances and will develop readily in weak formalin solu¬ 
tions or in sea water, but they can be killed by methyl bromide (see 
p. 437). They gradually degenerate at temperatures above 100 F. and 
cease development below about 60 F.: about 85 F. is the most favor¬ 
able temperature. Complete drying is lethal, but in moist soil they 
remain viable for years. An enterprising German researcher seeded 
a plot of soil with Ascaris eggs; two persons ate unwashed strawberries 
raised on the plot each year for 6 years, and each year acquired a few 

Ascaris. . 

Under favorable conditions of temperature, moisture, and air the 
eggs develop active embryos within them in 10 to 14 days, but the 
embryos are not infective until they have molted inside the egg. becom¬ 
ing second-stage larvae; this requires an extra week. 

When the eggs are swallowed the larvae hatch in the small intestine. 
They penetrate the mucous membranes and go on a sort of home- 
seeker's trip through the body, being carried by the blood stream to the 
liver, then the heart, and then the lungs. Here they burrow out and 
make their way through the trachea, throat, and esophagus back to the 
intestine, meanwhile having benefited from the trip by a growth from 
200 to 300 h to about ten times this length. 1 he migration through the 
lungs takes place readily in rats, mice, guinea pigs, and other rodents 
as well as in the natural hosts, but after the return to the intestine the 
worms pass right on through in unnatural hosts and are voided m the 
feces. 

The larvae of ascarids of pigs and horses perform the same migration 
through the liver and lungs and back to the intestine as does the human 
Ascaris, but work by Sprent and by Tiner (see Sprent. 1954) indicates 


FI S . 134. Ascaris lumbrlcoidcs. Entire worms at right, li natural size. At 
left, dissected parts corresponding to letters .... whole worms. A. region of vulva 
of 9; B, region where uteri change to ovaries; C. anterior end; D, posterior end 
of 9; E, region where sperm duet changes to testis; F, region where coils ot 
testis end anteriorly (no dissection of this shown); C. posterior end ol 6 :1. 
anterior view of lips. Abbreviations: anus; cl., cloaca; «*„ esophagus, ml.. 

intestine; on., ovary; „>.d.. sperm duct; sp.. spicules; sph.. sphincter; *.o„ seminal 
vesicle; t., testis; ul., uterus; v., vulva; van., vagina. 
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that ascarids of carnivores behave differently (see p. 458). There is 
evidence that when eggs of Toxocara canis of dogs are swallowed by 
children the larvae may roam around in the liver and probably other 
viscera, a condition referred to as visceral larva migrans (see p. 459). 
If the larvae should invade the brain they might cause very serious 
effects as some ascarids do in mice (p. 45S), and filariae in sheep and 
other animals (p. 495). Sprent (1955) has reviewed the knowledge 
concerning invasion of the nervous system by nematodes; a wide 
variety of species have been reported from the brain or spinal cord. 

After reaching the human intestine young Ascaris lumbricoides, 2 to 
3 mm. long, grow to maturity in 2 to 2*4 months. The length of life 
in the host is short and averages only 9 months to a year. 

Epidemiology. Since a combination of heat and dryness is injurious 
to them, Ascaris eggs in feces passed on sandy soil exposed to the sun 
in a hot climate die before the embryos can develop. Ascaris thrives 
best where there is abundant moisture and shade and where the soil is 
clayish rather than sandy, since in sandy soil the sorting action of rain 
drops concentrates the eggs on the surface, where they are exposed 
to sun and desiccation (Beaver, 1952). 

Infection ordinarily results from swallowing embryonated eggs, 
which are more frequently conveyed to the mouth by fingers than by 
other methods. In some places in India heavy infection is directly cor¬ 
related with polluted water supplies. Brown in 1927 observed that in 
Panama the infection is distinctly of household nature and is derived 
1,0,11 contamination of hands and food by eggs developing in the soil on 
? floors and dooryards of huts polluted by young children. In Egyp- 
• tillages the mud floors of the houses are heavily seeded with Asca- 
’ .-ggs. a >d, M'nce the Egyptian fellaheen sit. lie, eat, and play on the 


>oi 'pp ntumtu s for infection are numerous. Raw leafy vegetables, 
« o:i*v;:i > ic popular belief, are relatively unimportant vectors of the 
eggs, even m Chinn v. here night soil is used for fertilizer. Considerable 
Awns infection in.,) occur in the riffraff living in crowded quarters 
on l,,e , ? '4 southern cities, when there are dense shade, abundant 

I 'm. iii'a children who are careless in their defecation habits. The 
p. i> u .. ot child. on polluted ground near their homes, tracking of 
pol.jiiou into the houses, and eating with dirty hands are the most 
important factors in the epidemiology. 

!" 'he l in tod States Ascaris infection is largely limited to the moun- 
i m .n.v> i*l the southeastern states and to southern Louisiana, 
ntrated in young children. Here shelter in the immediate 
f y of the dooryards leads to close-in pollution, and the clay soil 
; -'octive for the eggs. 
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Pathology. In heavy experimental infections the migration of the 
larvae through the lungs causes hemorrhages and sets up a severe 
pneumonia which may be fatal. The invasion may be accompanied by 
a fever, a temporary anemia, leucocytosis. and eosinophilia. Pigs fre¬ 
quently show lung symptoms known as "thumps, and similar condi¬ 
tions have been observed in human beings preceding an Ascaris infec¬ 
tion; ordinarily in nature, however, not enough eggs are ingested at a 
time to cause serious pneumonia. 

After reaching maturity in the intestine. Ascaris may or may not dis¬ 
turb the peace of the host, but vague abdominal discomfort and acute 
colic pains are frequently felt, sometimes with vomiting, diarrhea, and 
mild elevations of temperature. Light infections may be entirely unsus¬ 
pected until the eggs are found in the feces. On the other hand, the 
parasite is not always so docile. In heavy infections, especially if made 
uncomfortable by some food or drug taken by the host, the worms are 
likely to tangle themselves in masses and completely block the intes¬ 
tine. One thousand to five thousand worms have been recorded m 
some cases, but even less than a hundred worms may cause a block- 
age that is fatal if not surgically removed. A number of cases of 
death after carbon tetrachloride treatment for hookworm are known 
due to obstruction of the intestine by squirming masses of irritated 
Ascaris. 

Sometimes irritation of the mucous membranes may cause dangerous 
spasmodic contractions or permanent nervous constrictions of the in¬ 
testine. The worms sometimes cause appendicitis by blocking the 
appendix. Toxic products may cause effects resembling anaphylactic 
shock and such nervous symptoms as convulsions, delirium general 
nervousness, and coma. Sang in 1938 ..rated a substance ex¬ 

creted by Ascaris which combines with trypsin, and he believes that 
when numerous Ascaris are present, enough destruction of trypsin may 
occur to interfere with digestion ol proteins and account for the loss 
of condition and stunting of growth often seen in infected annuals. 
Japanese workers found that Asram-infected schoolch. dren were 
shorter than uninfected ones and had less memory and thinking capac¬ 
ity. Vcnkatachalam and Palwardhan (1953) earned out experiments 
with poorly nourished children infected with Ascaris and showed that 
the worms interfere with protein utilization. Dcworming produced an 
immediate improvement in protein nutrition. Since the heaviest 
Ascaris burdens are in those areas of the world suffering 
malnutrition, particularly protein deficiency, it seems probable that 
the most important effect of Ascaris on populations is one ol grossly 
aggravating a multitude of other health problems. 
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The list of dangerous complications of Ascaris infection is greatly 
enlarged by the fact that the worms have a ‘wanderlust” and tend to 
explore ducts and cavities. They frequently invade bile or pancreatic 
ducts and may enter the gall bladder or even go on into the liver; when 
children too young to have gallstones have symptoms of disease of the 
biliary tract, a misplaced Ascaris may well be suspected. That this 
complication is not a rare one is indicated by the report from Chinese 
workers in 1957 that of 1685 biliary tract surgery cases in Shanghai 
hospitals almost 10% involved invasion of the bile ducts by Ascaris. 
Occasionally an Ascaris creeps forward through the stomach and is 
vomited or emerges through the nose of a horrified patient; it may even 
enter the trachea and cause suffocation. On at least one occasion a 
young ascarid has emerged from the corner of the eye. Ascaris some¬ 
times passes through the intestinal wall and causes fatal peritonitis or 
may even come through the umbilicus or groin, or the worms may 
make their way into the pleural cavity, urinogenital organs, etc. It is 
evident, therefore, that these worms, so far from being the “guardian 
angels” of children, as they were once considered, are more like bulls 
in a china shop. 

Treatment and prevention. Ascaris, as long as it stays in the intes¬ 
tine, is fairly easily expelled by some anthelmintics, but some, e.g., 
tetrachlorethylenc, merely irritate the worms and cause intestinal block¬ 
age. Therefore, when different treatments for Ascaris and some other 
worm infection are indicated, the Ascaris treatment should usually be 
given first. Brown in 1946, however, found no irritating action from 

it an violet. 
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nopodium and Santonin are efficient drugs for ascariasis, 
i iv toxic. However, a mixture of oil of chenopodium 
'• ’•>■!• »<■*. as pointed out on p. 434, is usually successful, 
cm.;! crystals in gelatin capsules (ervstoids), with fasting 
lo:< treatment and for 4 hours afterwards, followed 
' ‘ ‘ ox P°l die dead worms, is one of the most effective 


-M a dose rate of 1 gram for adults and 0.5 gram for 
!f oli, nmates a high percentage of the worms, and makes a 
in H) to S0\’ of cases. Some workers recommend larger 
*/' i ^ ' rams * Hvlrazan (see p. 483), administered in a 
*f “ Sl 'dghlv effective and nontoxic, and is particularly useful 
>"u young children who cannot, or will not, swallow cap- 
cK-kenga in Honduras reported S0% cures with a similar 
i-oug.ihn it al. (1951 * recommended a single daily dose of 
per kilogram for \ days, administered in syrup. Extension of 
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treatment to 5 or 6 days might increase the therapeutic efficacy with- 

out toxic effects. , . , , 

In the past 6 years numerous workers have reported a high degree 

of success in the treatment of Means infections with p.perazme 
hydrate or citrate given in a syrup, with rare undesirable side rea - 
tions. A regime of 70 mg. or less per pound per day in divided doses 
for 5 days, with a maximum daily dosage of 3 grams, is highly efficient. 
It has the advantage that neither purging nor l»,sp , t. l l o .serya ,on s 
required. The new broad spectrum anthelmintic, Dithiazan.ne is 
effective against Means as well as against several other nematodes^ 
In endemic localities treatment without sanitary improvement does 
little good, for a treated population usually gets back to the pretreat¬ 
ment level of infection within a year. On the other hand, ul.en rein- 
fection is stopped the worms are lost in about 9 to 1. months even 
without treatment. Prevention must depend mainly upondom-.*''■*> 
with soil pollution near homes, even by very young ch, on. and 
teaching children early in life to wash their hands before eating. The 
installation of privies is not always as successful as anticipated beta, s 
of only partial use of them. Careful washing of vegc.nblesm 
in polluted or night-soil-treated ground is desirable, for a hou t h 
as important as soil-to-mouth infection by childrens d, hands, 
vegetables may cause infection in more fastidious adults. 


Ollier Ascariiloiilea 

Mearis lumbricoides var. sawn is a very coin,non parasite of pigs: 
about 75% of pigs in the United States and Canada harbor ,t before 
they are 6 months old. The principal effect is stunting o grow h^ 
Spindler found that pigs infected with 20 or more "onm at S se ks 
of age failed in gain of weight, in proportion to he number of norm 
One pig with 109 worms gained no weight at all, whereas- nffi ecU 
pigs gained an average of 100 lb. I -oss results also from comic m . 
of carcasses for jaundice owing to blockage of bile ducts. Sodium 
fluoride is highly efficient for removal of Mearis and stomachworm 
of pigs (see p 49S) when 1% is added to 1 lb of dry ground d 
one day for a 25-lb. pig; for heavier animals additional medicated feed 
up to a total of 4 lb. may Ik- given at 12- to 24-hour intervals. 

Other ascarids found in domestic animals are Paraseans equoru, 
(-megalocephala) in horses, and Neoaseans v.tulorum n ca ves 
Sodium fluoride at 2.5 grams per 100 lb. ,s effective against us arul 
in horses, but may have toxic effects. Dogs and cats harbor smaller 
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ascarids, 3 to 5 in. long, belonging to the genera Toxocara and Toxas- 
caris. They have cervical alae which give the anterior end an arrow¬ 
head shape (Fig. 135A). Toxocara males have a fingerlike process at 
the end of the tail (Fig. 135B), lacking in Toxascaris (Fig. 135C), 
and Toxocara eggs are delicately pitted whereas those of Toxascaris 
are smooth. Piperazine hydrate (100 mg./kg. daily for 10 days) elim¬ 
inates these worms. 



Fig. 135. A, head of Toxocara canis; B. tail of male of same; C, tail of male 
of Toxascaris Icouina. (After Yorkc and Milestone, Nematode Parasites of 
Vertebrates, 1926.) 


loxocara apparently depends largely on prenatal infection as a 
means of spreading. Eggs swallowed by mother dogs migrate to the 
fetuses and establish themselves in their intestines; they may become 
encapsulated m the mothers tissues, but immunity prevents them from 
developing in the parental intestine. When fed to mice the larvae 
become encapsulated mainly in the intestinal walls. Ascaris colum¬ 
nar;* n\r t oon, and skunks probably uses rodents as true intermediate 
* «-• • nine encapsulated in the viscera and frequently 
ven one larva may be fatal. Tiner (1953) 
ma S e may render intermediate hosts easier prey for 

:i ’•*" ' a,Kl Jl ‘ us of value to the parasites (see review by 

aprent, ' 

1 in man i% Lagochtiascaris minor , normally 
lK Y± SOVC ral c ases in Trinidad and Guiana 
" ‘ T y been found in subcutaneous or tonsil- 

a ’ , ' ’ L ' u !,u ‘ iKa( l- Fhe adults are about the size of hook- 

ar ‘ '“ C,lli ‘! :lbl1 ' b > ll,cir '*ps and a keel-like expansion of 
. ' cn .de extending the whole length on each side. 

' U " ' ry arc subiect lo '"° co| nmon types of ascarids, Ascaridia galli 
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in the small intestine, and species of Hclerakis or cecal worms in the 
ceca. The former, a worm about 2 to 4 in. long with a muscular 
preanal sucker on the male, causes retarded growth and droopiness 
in heavy infections in young chickens. Older birds develop a marked 
age immunity due to an increase in number of mucin-producing goblet 
cells (see p. 26). Phenyl mercuric compounds (50 mg.) plus 0.5 gram 
phenothiazine removes most of these worms. Hclerakis nail inarum 
(- gallinac) is 7 to 15 mm. long with a chitin-rimmed preanal sucker 
and conspicuous caudal alae in the males. It seems to be harmless, 
even when the ends of the ceca contain swarming masses of them, 
except for its role as a carrier of the protozoan, Hislomonas mclca^ridis, 
that causes "blackhead” in turkeys (see p. 103). Chickens become 
infected with ascarids by swallowing embryonated eggs; there is no 
migration through the body, but AscarUlia temporarily bury themselves 
in the intestinal wall. 

Ascarids in fish-eating mamals, birds, and fish have more com- 
plicated life cycles involving first and second intermediate hosts, which 
are aquatic invertebrates and small aquatic vertebrates, respectively. 

Visceral larva migrant Beaver et al. (1952) proposed this term 
for the prolonged migration of larval nematodes in tissues other than 
skin. Dog and cat ascarids seem to be most often involved in cases 
showing the characteristic symptoms. The disease is seen most often 
in young children who typically have a marked eosinophilia and an 
enlarged liver. Lung inflammation also commonly occurs. Medical 
attention is sometimes sought when children have irregular fever, loss 
of appetite, fail to gain weight, chronically cough, or have muscle-joint 
or abdominal pains. Occasionally. Toxocara larva may wander into 
such locations as the eye where they produce serious effects. Wilder 
(1950) reported on a series of children who had suffered the loss of an 
eye due to nematode infection of this organ. Nichols (1956) identified 
some of these as Toxocara and some as Ancylostoma caninnm larvae 
(see p. 420). Since the recognition of this disease a few years ago, 
cases have been reported from all over the United States and in Eng¬ 
land. Children apparently become infected by ingesting eggs which 
are promiscuously distributed by man s best friend, the dog. C ats are 
incriminated to a lesser extent, presumably because these animals are 
somewhat more fastidious in defecation habits. It becomes more and 
more evident that man pays a price for maintaining dogs in the house¬ 
hold, since these animals serve as reservoirs for at least a dozen serious 
human diseases. 

At present the diagnosis of visceral larva migrans must be based on 
clinical symptoms or on finding the larvae iu biopsy specimens of liver 
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tissue. Several groups of research workers in the United States are 
currently attempting to develop serological methods that will allow 
the .ready diagnosis of larva migrans. It seems probable that such 
methods will be available shortly and should rapidly replace the 
unpleasant procedure of liver biopsy. 

At present there is no treatment for this disease and it usually runs 
its course with chronic symptoms for 6 to 18 months. 


ASCARIDATA. II. OXYUROIDEA 

As already noted, the Oxvuroidea arc almost exclusively parasites of 
the cecum or colon of their hosts, not only of vertebrates but also of 
insects. Only a single oxyurid, Enterobius vcrmicularis, occurs com¬ 
monly in man. 


Enterobius vcrmicularis 


Most members of the Caucasian race, even in highly sanitated 
countries, fail to get through life without affording food and shelter 
for oxyuris, also popularly called the pimvorm, seatworm, or thread¬ 
worm ( Enterobius vcrmicularis). It is found all over the world but 
unlike most helminthic infections is relatively rare in the tropics. Its 
;rc.it stronghold is in Europe and North America, but according to 
glimr 60',; of schoolboys in Chile arc infected. As Stoll (1947) 
lv seem to be factors in our modern way of living which 
i>' » for the spread of Enterobius in high as well as low 
vmplc surveys of white children in cities in the United 
- give incidences of 30 to 60%. Colored races are 
N :ro children in Washington, D. C., the inci- 
Parcd with 10', in Whites, and in Honolulu 
lucosiu s and 21$ in Orientals. Enterobius vcrmicularis is 

a huma raj alth ugh closely related species occur in apes 

and monkeys. 

Morphology. The ...lull worms (Fig. 136) live in the cecum, 
append.v and n.-ighborii.g p.„t s of the intestine, from which the gravid 
‘‘ , s " >lgrale J' 1 ,hc '•> < turn. These are little white worms, often seen 
■ actively in stools passed after a purge or enema. Through 
transparent cuticle can be seen the esophagus with a bulb at 
‘ " d : and ,lu ’ " fcri •>'»! coiled ovaries. The head has three 
f 7 s ... ls sct , off b > lateral expansions of the cuticle. The 

.tinu.es, 6 .o ,3 mm. long, taper at both ends, but the tail is drawn out 
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into a long, fine point. The minute males, only 2 to 5 mm. long, are 
less numerous than the females and are seldom noticed. The tail is 
curled and has a small bursalike expansion; there is only one spicule 
(Fig. 136). 

Life Cycle. As the uteri of the females fill with eggs, the worms 
migrate down to the anus; according to MacArthur (1930), they may 
make regular nightly trips, deposit eggs in the perianal region, and 



Fig. 13 *. Enterobius vcrmicularis. A, .dull Rrjvid « (a., anus; «.*>.. esoplug- 
cal bulb; u„ vulva). B. adult i ; C. posterior end of i. ventral «ew; D same, 
much enlarged, showing form of single s,, icnlc t. anto.o, end. C and t after 
Yorkc and Maplcstonc. Nematode Parodies of Vertebrates. D-V.) 


retreat into the rectum, but many worms creep out of the anus and 
others are passed in the feces. Their movements cause intense itching. 
Contact with air stimulates the worms to deposit eggs, and a trail of 
these is left behind as the worms crawl. Eggs are seldom found ... tile 
feces before the worms have disintegrated but cat. be obtained from 
scrapings from about the anus or lower part of the rectum. The worms 
eventually dry and explode, liberating all the remaining eggs in show- 
ers. The eggs when first laid contain partially developed embryos m 
the “tadpole” stage, but they develop to the infective stage in as little as 
6 hours. The eggs (Fig. 55/C) are clear and unstained, measuring 
about 55 by 30 and are flattened on one side. Heard.... estimated 
the average number of eggs in a female oxyuris to be about 11.000. 
After being swallowed, the larvae hatch and temporarily burrow ...to 
the mucous membranes in the region of the cecum before growing to 


maturity in the lumen. 

Mode of infection and epidemiology. The eggs regain access to 
the same or another person in various ways, but are probably most 
often air-borne or conveyed by tl.e hands. The itching caused by the 
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emigration of the worms from the anus results in scratching, and the 
eggs lodged under the fingernails may eventually reach the mouth in 
children or others who are careless in their habits. The eggs are easily 
liberated into the air when sheets, clothing, etc., contaminated with 
them are shaken or rubbed, and may be inhaled or may settle as dust 
which may be inhaled later. 

The extent to which the eggs become scattered in infected house¬ 
holds is almost incredible. Not only are they present on the hands, 
clothing, bed linen, towels, washcloths, and soap, but also on floor, 
upholstery, and furniture, often in every room of houses occupied by 
heavily infected children. The junior author observed the build up of 
very heavy infections in a university housing unit for students’ fam¬ 
ilies. Eggs were being disseminated in washing machines in which 
the water was tepid because of inadequate water heaters. SchiifFner 
(1944) found that the smaller the enclosed space the greater the num¬ 
ber of eggs; in 1 sq. ft. in a large dining hall he found 119 eggs, in a 
smaller classroom 305, in a toilet 5000. He pointed out that half the 
life of an infected child is spent in a still smaller enclosed space— 
between bed sheets, where the eggs are disseminated by movements 
of the sleeper. He believes, however, that very heavy infections result 
only from transfer of eggs by fingers after scratching. SchiifFner be¬ 
lieves that chronic adult infections may be due to “rctrofection," i.e., 
re-entrance of larvae that sometimes hatch from eggs on the perianal 
skin. 

Cram has called attention to the familial nature of pinworm infec- 
and numerous observations point to its ready spread in schools 
: n i institutions. The eggs survive longest (2 to 6 days) under cool 
humid conditions, but their life span in dry air above 25°C. is 
' i« 0 ! ten.-few surviving as long as 12 hours. In dry air at 36 to 37°C. 

' then 10 v survive for 3 hours and none for 16 hours. Since the 
" ms l ave a life span of only 37 to 53 days, the infection would die 
oi l >n this period if reinfection could be stopped; the periodic appear- 
increased numbers of worms often observed at 4- or 5-week 
inlei vals is due to the maturation of new generations of worms from 
reinfections. 



launnsis. No dependence can be placed upon examinations of the 
eccs oi t ic eggs of Enterobius. Direct fecal smears show less than 
r ot the actual infections, and flotation methods less than 25%; even 
no ivy infections often fail to be detected. 

Far b~*t<v r results are obtained by scraping the perianal region. Of 
^veral devices proposed for this, Beaver (1949) found the widely 
,,SCl Sc0tch tape method easiest and also most efficient. A piece 
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of Scotch tape is held by thumb and forefinger over the end of a tongue 
depressor, sticky side out, applied to the right and left perianal folds, 
and then flattened on a slide for examination. The NIH swab and wet 
pestle methods pick up fewer eggs and are less "foolproof. The suc¬ 
cess of these methods is affected by bathing, personal cleanliness, and 
irregular periodicity in the migration of the worms, so the number of 
eggs found has no relation to the size of the infection and one negative 
examination cannot be considered conclusive. 

Pathology. The itching caused by migration of the worms in the 
anal region and by allergic irritation of the skin may be intense, caus¬ 
ing loss of sleep, restlessness, nervousness, and even sexual disorders. 
In girls the worms may cause vaginitis by entering the vulva, and they 
may even wander into the Fallopian tubes or to the peritoneal cavity, 
where they become encysted. 

Immature burrowing worms may cause inflammation in the cecal 
region, with some abdominal pain and digestive disturbances. Since 
the males and young females are often found in removed append ices 
they are often accused of causing appendicitis, but there is very little 
to support this view, since they are about equally common in healthy 
and inflamed appendices. 

Treatment and prevention. Many of tin- nematode group of 
anthelmintics, including tetrachlorethylcne, hexylresorcmol. and gen¬ 
tian violet, remove some of the worms. Other drugs which have been 
useful are Terramycin. lindane, Egrcssin. Diphenan, and D.thiazanme. 
In the past few years piperazine (Antepar) has proven to he the drug 
of choice. It may be given as the hydrate, citrate or adipate m a 
flavored syrup at the rate of 50 to 100 mg. per kilogram per day for / 
days followed by 7 days of rest and a second round of treatment in the 
third week. The rest period allows stray eggs in the environment to 
cither get into the host or die. and the second period of treatment 
removes the new worms from the* host before they have time to pro¬ 
duce a new crop of progeny. 

If reinfection could be slopped the infection would disappear with¬ 
out treatment in a few weeks, but, even with the most meticulous tare 
in cleanliness, complete prevention of reinfection without treatment 
usually fails. It requires closed pajamas of nonporous material, daily 
changing and sterilization of bedclothes, towels, and underwear, use 
of anal bandages, and disinfecting ointments, frequent washing of 
hands, close-clipped fingernails, a dustless house, and unrelaxing paren¬ 
tal vigilance. Treatment is easier! Schiiffner (19-1-1) believes that 
100% of the children in Holland are infected in spite of the proverbial 
Dutch cleanliness. He tliinks that efforts to eliminate the infection 
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completely may lead to a “pinworm neurosis” that is worse than a mild 
pinworm infection. The junior author has seen American families in 
the grip of a neurotic frenzy far out of proportion to the seriousness of 
the pinworm infection. Many physicians have remained pitifully 
behind the times in treating enterobiasis and may contribute to psy¬ 
chological difficulties. 

Other Oxyuroidea 

The only domestic animal that suffers from oxyuris infection is the 
horse, which harbors Oxyuris equi. Rodents harbor numerous species, 
and one of these, Syphacia obvelata of mice and rats, was found once 
in a child in the Philippines. Common oxyurids for class study can 
nearly always be found in large cockroaches. 


RHABDITATA 


The suborder Rhabditata is of particular interest from an evolution¬ 
ary standpoint since it contains nematodes showing every imaginable 
gradation from free-living, saprophagous forms to strict parasites. It 
presents a sort of pageant of parasites in the making. The genus 
Iihabditis alone contains many species which appear to be experiment¬ 
ing with parasitism. Some species have been found breeding in the 
feces-soiled hair of the perianal region of dogs; the larvae of the com¬ 
mon soil nematode, R. strongyloidcs , have been found repeatedly in 
pustules in the skin of dogs and other animals after lying on 
bedding. Members of a related genus, Longibucca , have 
m’ breeding in the stomach and intestine of snakes and bats, 
-i of the same family, Diploscaptcr coronata (see p. 
i pommist which is capable of establishing itself in the 
i! or k male urinogenital system when abnormal condi- 
Limi; n.i!:c dicse environments favorable. 

,y S Strongyloididae and Rhabdiasidae have 

‘ ( between free-living and parasitic existence by a method 
\ l,) themselves—a true alteration of generations. There is a 
iu c- i\iug generation consisting of males and females which are hardly 
< istinguis ia Ac bom Iihabditis , and a parasitic generation of partheno- 
gcmchc females which have a markedly different appearance. The eggs 
. ;U -y one generation give rise to worms of the alternate gener- 
, ,S l routme is * ^ever, short-circuited by many of the individ- 
worms by omission of the free-living bisexual generation entirely, 
- ‘ c ° l ‘ ie aU ^ lat l b ,s is unquestionably the ancestral type. By 


•iiiV 

ii»• i i 


mat 
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this process we arrive at a form which is as truly parasitic as a hook¬ 
worm. 

The Strongyloididae pass the parasitic phase of their lives in the 
intestine of mammals, whereas the Rhabdiasidae pass theirs in the 
lungs of amphibians and reptiles. Strongyloidcs stercornlis is the 
only common and important human parasite in the Rhabditata, but 
Rhabditis (see p. 470) is frequently found in human stools, to the 
confusion of technicians examining them. 

StrongyloUles stercornlis 

General account. This, the smallest nematode parasitic in the 
human body except the male Trichinclla, is a very common human 
parasite in moist tropical or subtropical climates, having much the 
same distribution as hookworms. Faust found it in 20 't of hospital 
and village populations in Panama and in Vi of cases examined in 
New Orleans hospitals and clinics. It is a common parasite in soldiers 
returning from the South Pacific. Statistics based on ordinary stool 
examinations do not give a correct idea of the prevalence of this 
parasite. 

The parasitic females of StrongyloUles are parthenogenetic. Kreis 
(1932) and Faust (19:33) found a few male worms of the free-living 
type in the lungs of dogs, which were undoubtedly precociously devel¬ 
oped free-living males. There is one species ol Strongyloididae, Para- 
strongyloidcs winchcsi, which is bisexual in the parasitic generation, 
but the males are filariform like the females. 

The parasitic females (Fig. 137, /) are extremely slender worms 
2 to 2.5 mm. long by only 40 to 50 /x in diameter, with a bulbless 
esophagus about one-fourth the length of the body. The uteri diverge 
from the vulva in the posterior third of the body; each contains a few 
developing eggs in single file. 

Life cycle. (Fig. 137). The adult females burrow in the mucous 
membranes of the intestine anywhere from just behind the stomach 
to the rectum, although the upper part of the small intestine is their 
favorite spot. A few mature even in the bronchial tubes. The eggs, 
measuring about 50 by 32 /x, arc deposited in the mucous membranes 
where they undergo development and hatch, the larvae then making 
their way into the lumen of the intestine, to be voided with the feces. 
The egg output per worm is relatively small, not more than 50 per day. 

The passed larvae are rhabditiform (see p. 423) and have usually 
grown to a length of 300 to 800 /x. They resemble hookworm larvae 
but can be distinguished by the very short mouth cavity (Fig. 126, 9). 
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The course of development of these larvae may follow either one of 
two lines: (1) direct or “homogonic,” or (2) indirect or “heterogenic.” 
In the indirect course of development the rhabditiform larvae develop, 
in 36 hours or more and after four molts, into free-living males and 
females (Fig. 137, 2) which closely resemble soil nematodes of the 



'■ ronniiloitles stcrcoralis, life cycle. Direct (bottom arrow); indirect 
:iv V 0 h\ per infective (upper arrow). Circles enclosing numbers 
1 ' ' ''ili-orm larval stages from 1 to -I not drawn on diagram, and similar 
1 />. Thus the direct cycle includes first and second rhabditiform 
• >:it VuvjI staves CMitside Inuly; indirect cycle includes four rhabditi- 
i. • ues Inf becoming adult 6 and 9, then two rhabditiform stages 
"»g of these) ai.d one filariform stage before re-entering the body; hyper- 
>*' !'* include s two rhabditiform larval stages and a filariform larval stage, 
I i-tilde the body. Abbreviations: a., anus; a.ov., anterior ovary; es., esophagus; 
::,lC! *bne; n.r., nerve ring; p.ov., posterior ovary; p.ut., posterior uterus; v., 
vulva. (Adapted from various authors.) 


r* prt 

Ml i. 

form 

(oil. 


genus Rhabditis; they are about 1 mm. in length and 40 to 60 p broad. 
■ ticse adults produce eggs which hatch into rhabditiform larvae very 
to the offspring of the parasitic females, which then ordinarily 
• :ns i . in .liter two molts into slender filariform larvae characterized 
ey a very long, slender esophagus and a long tail notched at the tip 
^ E). 1 he small, oval genital primordium is midway between 
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the end of the esophagus and the anus. These larvae, 600 to 700 /* 
long, remain, like infective hookworm larvae, ensheathed by the molted 
cuticles of the rhabditiform larvae, and are now in the infective stage. 
They may appear in less than 4S hours, and they become numerous in 
5 or 6 days. They infect by penetrating the skin or mucous membranes 
as do hookworm larvae. Occasionally, according to Beach (1936), 
more than one free-living generation may develop. 

In the direct course of development the rhabditiform larvae pro¬ 
duced by the parasitic females, usually after a brief period of feeding 
and growth, metamorphose directly into infective filariform larvae 
at the second molt. These penetrate the skin as do those produced 


indirectly. 

A third possible course of development, called the hypcrinfcctivc 
method, occurs in exceptional cases when the larvae of the parasitic 
females rapidly undergo two molts inside the intestine without feeding 
or growing, transforming into filariform larvae which then burrow 
through the mucous membranes or perianal skin, causing reinfection 
without any outside existence (see Faust and de Croat, 1940). 

The larvae of Strongyloides are easily destroyed by cold, desiccation, 
or direct sunlight, and are rather short-lived even under the most 
favorable conditions. This probably accounts for the infrequence 
of Strongyloides infections outside warm, moist climates. 

After penetration some larvae remain in the skin lor a long time, but 
they appear in the lungs from the third day onward. The larvae 
undergo development to adolescence in the lungs, and then migrate to 
the alimentary canal via the trachea and throat, although a few mature 
and reproduce in the lungs and bronchioles. Larvae begin to appear 
in the feces about 17 days or more after infection in man. but in dogs 
the prepatent period is only 12 days and in rats 6 days. The numbers 
rise rapidly but decrease again alter some months, when immunity 
begins to develop. 

Biology of direct and indirect development. The apparently 
willy-nilly appearance of the direct and indirect modes of develop¬ 
ment of Strongyloides has been very puzzling. Attempts have been 
made to explain it on the basis of environmental effects inside and 
outside the host, age of worms, fertilization by supposed parasitic 
males, and biologically different strains. Graham (1936-1939) started 
two pure lines of S. ratti in rats from original single-larva infections 
of the homogonic and heterogonic types, respectively, and found 
marked inherent differences between them. In each line over SV, 


of the total progeny were of its own type, with an extreme difference in 
tlie number of free-living males produced. Meanwhile Beach < 1935, 
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1936) showed conclusively that the course of development can be 
influenced by nutritional conditions; as these become less favorable 
more and more of the rhabditiform larvae undergo direct transforma¬ 
tion into filariform larvae instead of becoming males and females. 
The conclusion seems warranted, therefore, that the course of develop¬ 
ment is dependent upon nutrition or other environmental influences 
and not on genetic constitution, but that there are genetic differences 
in the extent to which different strains are influenced toward homog- 
ony by given degrees of unfavorableness in the environment. 

Diagnosis. The infection is diagnosed by the finding and identifi¬ 
cation of the larvae in the stools; they can be found in simple fecal 
smears and can be floated satisfactorily in zinc sulfate solution (see 
p. 253), but they shrink badly in saturated sodium chloride. If scanty 
they can be found readily by culturing the stool mixed with an equal 
part of charcoal or sterilized earth. The rhabditiform larvae, as 
already noted, can be distinguished from those of hookworms by the 
very short mouth cavity, but are difficult to distinguish from co- 
prophagic Rhabditis larvae in stale or contaminated stools unless 
cultured for 2 to 5 days, and the filariform larvae found by extraction 
into warm water. Embryonated eggs are occasionally found in cases 
of severe diarrhea. In examining stale stools there may be confusion 
with hookworm infections, but an excess of larvae over eggs in 
uncultured stools is indicative of Slronayloidcs. The eggs, if present, 
are decidedly smaller and always embryonated. 

Pathology. Skin penetration by the larvae often causes redness 
and intense itching a transient cutaneous larva migrans (see p. 430). 
Invasion of the hmgs sometimes causes acute inflammation. The 
adults : irrow.il/ j„ the intestinal mucosa cause a catarrhal inflamma- 
ucl ’ crosio ” hi severe cases as to give the appearance of 
l! * '"O' hght infections there may be no demonstrable 
n h i te and chronic cases there are usually intermittent 
epigastric pain; in severe cases there may be uncon- 
• a with blood and undigested food in the liquid stools, 
a • id -or,tinned drain of liquids cause severe emaciation. 

- ridence of allergic effects as well. 

• lava with high eosinophilia, leucocytosis, 

• i. edema, and bronchial pneumonia in addition to 
symptoms, and i oust called attention to the frequency 
chronic infections. These are probably due 
effects or disintegration of numerous larvae invading 
lhe buc,lcs oI P e °l )l0 who have been repeatedly exposed. 
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Treatment and prevention. Gentian violet is moderately effective 
for Strongtjloides infections. It stains the intestinal mucosa and kills 
some, but usually not all. of the adult worms buried in it. The 
standard treatment for adults is two *4-grain enteric-coated tablets (to 
open in V/> hr.) with meals three times a day for 16 days; for children 
the dosage is 9 mg. per day per year of age. The difficulty is to get 
the tablets to open where needed in the duodenum but not in the 
stomach. Administration of 25 cc. of a 1% aqueous solution of gentian 
violet by duodenal tube may be eflective in refractory cases, or even 
25 cc. of a 0.5% solution intravenously. Hexylresorcinol is very toxic 
to Strongtjloides in vitro but may not be effective in vivo. Hetrazan 
by stomach tube was reported to have given favorable results. 
Swartzweldcr et al. (1958) have recently reported that a halogenated 
cyanine dye, Ditlnazanine, is highly effective against Strongtjloides. 
This drug also acts against Ascaris, Trillions, Enterobius, and hook¬ 
worms and may well become the treatment of choice. 

Control is much the same as in hookworm infections, except that the 
delicacy of the Strongtjloides larvae should make it easier. 

Strongyloides in animals. Strongtjloides stercoralis is infective 
for dogs and cats as well as man but usually dies out in a number ol 
weeks. In India, however, the writer found a high percentage of cats 
naturally infected with a Strongtjloides which was very similar to. if 
not identical with, the human species. Other species occur in monkeys, 
sheep, rodents, pigs, and other animals. One human infection with 
S. fuUeborni of monkeys has been reported. Most of the species in 
herbivorous animals differ from those in man and carnivores in that 
the eggs usually do not hatch until after they have left the body ol 
the host. 

It has been suggested that a Strongtjloides of sheep may be involved 
in the transmission of foot-rot. a bacterial disease of sheep, pre¬ 
sumably by carrying the bacteria through the barrier presented by 
the skin. 


Diploscapter coronata 

Some nematodes found in the aspirated stomach contents of nine 
patients who were suffering from complete or almost complete lack of 
hydrochloric acid were examined by Chandler (1938) and found to be 
Diploscapter coronata (Fig. 138). This nematode was previously 
known only as an inhabitant of soil or sewage beds; a related species is 
parasitic on living roots of plants. The worms from the stomach were 
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abundant in some cases and scanty in others; they were in all stages of 
development, but no males were found. This corresponds with most 
previous observations on this worm; apparently, like Strongyloides and 
some species of Rhabditis , it can get along very well without the 
presence of the male sex. Adult females are about 420 p long. 



Fig. 138. Diploscapter coronata, adult female from human stomach. (After 
Chandler, Parasitology, 1938.) 

All the cases were discovered in a Houston clinic, and similar cases 
are reported as having been seen frequently before, but incorrectly 
diagnosed as Strongyloides. In one case a re-examination 4 days later 
showed the worms still present, so they were undoubtedly established 
in the stomach. Oddly enough, only a single prior case of similar 
nature has been recorded in the literature. The same worm has, how¬ 
ever, been found in the urine of women, once in Japan and three times 
in Israel. 


Rhabditis 

The genus Rhabditis contains numerous species of nematodes nor¬ 
mally found in soil, organic matter, or water, and frequently in feces of 
man or anima’s. I hey closely resemble the free-living generation of 
Strongyloides but have no alternation of generations. 

Rhabditis pcllio is a species which has on a few occasions been 
found living in the human vagina, the larvae escaping in the urine. 
R. hominis and , ther species have been recorded from stools of man 
and animals, in m.:st of these cases there was suspicion of their being 
,nu P® f; worms have not been found on re-examination, 

and in seme cas?s clear evidence of contamination with soil or water 
u *' 0 ’ ’ • There yet no conclusive evidence that any of 

»prophagous. Other pseudo-infections 
1 led on p. 464. Their only importance is 

their possible confusion with Strongyloides. 
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Chapter 21 

FILARIAE, SPIRUROIDS, 
AND GUINEA WORM 


SUBORDER SPIRURATA. I. FILARIAE (SUPERFAMILY 
FILARIOIDEA) 

The filariae, constituting the superfamily Filarioidea of the suborder 
Spirurata (see p. 398) are slender thread-like worms 'vh.ch .nhalnt 

some part of the blood or lymphatic system i-onnect.ve tissues body 
cavities, eye sockets, nasal cavities, etc. They have s.mple n ou 
without lips and rarely a vestibule; the fema es nearly always “ 
vulva forward near the mouth, and the relat.ve y small males have 
spirally coiled tails, with or without alae but always Wj-f; 
Many of them-all those that concern us here except Paraftkin .. 
horses-produce embryos that live in the blood or skm, whence h«> 
are sucked out by bloodsucking arthropods which serve as mtermed a 
hosts; they gain access to a new host through the skm when these 

Jr The P classSication into families and subfamilies is S, ‘ U 
We shall follow Wehrs (1935) arrangement, as mod.ficd b> Chabaud 
and Choquet (1953), who divided one of the famd.es, D.petalonema- 
tidae, into six instead of two subfamilies. Wchr recognized our hum- 
lies; of these three, StephanoBlariidae, Filarudae, and D.petalone na- 
tidae, contain parasites of medical or veterinary interest The us 
contains a single genus. Stephanofilaria, a skin parasite of horses, cattle 
etc., with a row of small spines around the mouth. The other two 
Filariidae and Dipetaloncmatidae, are distmgu.shed ma.nly by the 
first-stage larvae, which are usually short and stout w.th sp.ny anter.or 
ends in the Filariidae and long and slender with no spines m the D.pe - 
alonematidae. Except Paraflaria and Seturin in horses and cattle, a I 
the species parasitic in man or domestic animals belong to the D.petal- 
onematidae, distributed in three of the six subfamilies. The P.rof.lan- 
inae, with short tail, well-developed caudal alae m the males, and 
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esophagus externally divided into separate muscular and glandular 
parts, contains Loa and Dirofilaria; the Dipetalonematinae, with long 
tail, very narrow caudal alae, if any, in the males, and no external divi¬ 
sion of the esophagus, contains Wuchereria, Dipetalonema , and Man - 
sonella; and the Onchocercinae, with short tail, inconspicuous alae, and 
undivided esophagus, contains Onchocerca. 

Guinea worms, Dracunculus, were formerly classed with filariae but 
are now placed in an entirely distinct suborder (see p. 398). At one 
time all the filariae were placed in the single genus Filaria and are 
sometimes still so referred to in medical and veterinary books. 

Microfilariae. Many filarial infections are practically impossible to 
diagnose except by the embryos or ‘microfilariae,” and it is therefore 
important to be able to distinguish these. When living they are color¬ 
less and transparent and may or may not be enclosed in “sheaths.” 
In order to identify them it is usually necessary to stain them. The 
body will then be found to contain a column of nuclei, broken in defi¬ 
nite places which serve as landmarks (Fig. 139). The principal ones 
are a nerve ring anteriorly, an excretory pore or “V” spot, an excretory 
cell somewhat farther back, a few genital cells posteriorly, and an anal 
pore or tail spot.” I he spacing of these landmarks is fairly constant in 
different species. The presence or absence and arrangement of nuclei 
in the head and tail ends and the shape of the tail are also useful iden¬ 
tification marks. I he following table shows the outstanding characters 
of the microfilariae found in human blood or skin (see also Fig. 139). 

Sheathed forms 


Mf. hancrofu: about 22o to 300 „ by 10 sheath stains red with dilute 
, ^ 't'f end tapers evenly; no nuclei in tail; does not stain with 
1 : 1000 metl.v.ene blue when alive; lies in graceful coils when dried; 
nocturnal or non-pc, jodic; in blood or urine. 

Mf. ton: same size; sheath unstained in Ciemsa; tail short and recurved, 
w.tn nuclei to up; stains with methylene blue when alive; lies in kinky 
- bu nal, in M<>. i 

'/ 11 " to 230 a by 5 to 6 p. tail sharp-pointed, with a 

m ’ 1 f \ nothei 10, in front of it; nocturnal. 

Uiulicaihed focvxs 

’ tail ends bluntly, with nuclei to its 

on alive; no periodicity; in blood. 

tail rods in a crook and terminates 
. )dici . 1 with methylene blue when alive; 

’ stafaswfr ’ S ^ arp * y P° inlc d. with no nuclei at 

. ^a*ns wi.«. methylene blue when alive; no periodicity; in blood. 




Fig. 139. Various specks of microfilariae drawn to scale. 

A, Wuchcrcria bancrofti; sheathed. m> uiK-Iri ' 2<0 y 8 5 M 

fl, W. malayi; sheathed, 2 nuclei in tail. -<*> * (i m- 

C, Loo la.; sheathed nuclei tc. tip*j;l- ^ *. |h ^ lo H p. 2(H) to 4.5 a- 

D, Dipctaloncma perstans; no >h« atli. t. , ,i tin >()5 x 5» 

E Mamonella ozuuM; no sheath. ,x.-I t» 5 * 

E, Onchocerca volvulus; no shell.. .... - ^ “e 

C, Dlrofilarla Imn.Uis; no sheath. sharp •**» ^ 

Mf. volvulus: about 300 to 350 , by 5 to 8 Ud *«ply l*» inted - " i "‘ 
no nuclei at its Up; no periodicity; in skin. 

Wuchereria ("Filaria ) bancrofti 

Distribution. This worm is a very widespread and imporjan, 
human parasite in warm countries but is not evenly d ribufd o 

uniformly prevalent throughout any country As Au « ui ' ‘ where 
pointed out it occurs almost entirely in coastal areas and ,land «1 rc 
there is a fairly long hot season with high humidity. In Africa 
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found on the Mediterranean and east and west coastal areas but not in 
the interior of Central Africa. In Asia it is prevalent on the coasts of 
Arabia, India, Malaya, Formosa, and north to China and the southern 
parts of Korea and Japan. It is prevalent in practically all the East 
Indian and South Pacific islands. It was formerly common in coastal 
Queensland but has almost disappeared in recent years. 



r ls 140. Wnchcrcria bancrofti. A. anterior end of 9: B, posterior end of <J; 
(' jdu*'. * md o. natural size. (A. after Vogt-1, Arch. Schiffs- ti. Trop.-Hyg., 
•3-. ’"-J. after Fain, Ann. panisital. hum. ct comp., 26, 1951.) 


>!. »iu* Western Hemisphere, where it was almost certainly intro- 
d i> cd by Whites or Negroes, it is prevalent throughout the West Indies 
and on the northern coast ol South America from northern Brazil to 
< nlumbia, but it is strangely scarce or absent on the Caribbean shores 
»! Centi ] and North America. In the United States it was once en- 
ch tnic in Charleston, South Carolina, but failed to become established 
elsewhere and lias apparently died out there. Throughout this area it 
>; >mpletely restricted to towns and sometimes even to parts of 
' i- some places it affects SOr; or more of the local population. 
Morphology. I lie adult worms (Fig. 140) live in the lymph glands 
• dm ts, often in inextricable tangles. The females are 65 to 100 mm. 
bug and only 0.25 mm. in diameter—about the caliber of coarse sew- 
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ing thread; the males are about 40 mm. long and 01 mm m dumber. 
The body tapers to a fine head slightly swollen at the end. with a s m- 
ple pore as a mouth. The esophagus is partly muscular and part ) 
glandular, with the vulva opening a little behind its middle. The 
males have the tail coiled like the tendril of a vine, with numerous 
pairs of papillae; there is one Ion" and one short spicule. 

Life cycle. The female worms give birth to microfilariae which are 
surrounded by delicate membranes or sheaths. Other characters are 
listed on p 474. These microfilariae appear m the peripheral circu¬ 
lation chiefly between 10 ,m. and 4 am. except in the nonperiodic 

"STh?and experiment to determine^ 
reason for this periodicity. One theory was tint to .larvae^are «m- 
centrated in internal organs during the day. and circulate m the bloo.l 
al iS to keep a sort of trvst with their night-biting mosquito trans- 
mitters, chiefly Culex „uin q ucfasciaWs ( lagans) or C. 
certain species of Anopheles. Another theory was that the unbpos 

«. dogs, the 

induces the microfilariae to enter the general '-' t ' 

with periods of activity of the host, for ,t is graduall reve^a , 
pie who reverse their sleeping and working hours, or go halfway 

“'Throughout the greater par. of the range of W,,el,arena ba,«wfU 

the microfilariae have noclurnal ^ KesL'.'hlands 

in the ncrinheral circulation only at niuu . . , 

in tnc penpm i. islands) there is a nonperiodic variety, 

it, pathogenic elicct,. In the l«W— 

considered a distinct species. i. # ^ n|f 

The further development of the microfilariae depends on «b u 
sucked with blood by certain species of mosquitoes winch serve as njer 
mediate hosts (see p. 756). Unlike malaria and yellow fever <'< 
eria bancrofti is not limited to transmission by species of one genus 
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group of mosquitoes; it is transmitted by certain species of Culex , 
Aedes, Anopheles , and others. Culex quinquefasciatus and in some 
places the closely related C. pipiens play a leading role as vectors of 
the periodic form in most parts of the world, but these are replaced 
by certain Anopheles in some places. Aedes polynesiensis is the prin¬ 
cipal vector of the nonperiodic type except in Fiji. C. quinquefasciatus 
is highly refractory as a transmitter of the nonperiodic form. For 
further details on transmitters see pp. 750-757. 



Fig. 141. Wuchercria hancrofti. A, mature larvae in thoracic muscles and 
proboscis of a mosquito (adapted from Castcllani and Chalmers). B, "sausage” 
stage of development of larva in thoracic muscles: C, infective larva from mos¬ 
quito proboscis (adapted from Looss). Abbreviations: a., anus; a.e., anterior 
portion of esophagus; «•*., excretory pore; g., genital rudiment; i., intestine; n., 
nerve ring; p.e., posterior portion of esophagus; r., rectum. 


In oid •* to infect mosquitoes there must be about 15 or more micro¬ 
filariae *hy drop of blood (20 cu. mm.); a high concentration of 100 
rr - 0,: ‘ v* 1 *' d- »p is atal to the mosquitoes. Sometimes the blood 


contains up to GOO in a drop. 

Shoi’ !y site: \ .*ing ingested by a mosquito the embryos penetrate 
'li'v *gh '.ie .aoiiKuh wall and migrate to the breast muscles, where 
!eiigth\vis? between ihc muscle fibers (Fig. 141A). Here the 
dens to hall i.; original length but grows several times as 
d ich\ thus changing into a sausage-shaped creature (Fig. 141B). Then 
r,c digestive tract differentiates, and the worms begin to grow in length 


as 

30 


. . --o— o — o 

t'ulli, eventually measuring about 1.5 to 2 mm. by 20 to 
(Fig. 141C). During this time there have been two molts and 
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the larvae have reached the infective stage. They now leave the 
thoracic muscles to make their way towards the head of the mosquito 
and down into the proboscis in the interior of the labium, although 
some get lost and end up in other parts of the body. 

This development to the infective stage takes a minimum of 8 to 
10 days but more frequently 2 weeks or more. The optimum condi¬ 
tions are S0 3 F. and 90% humidity. At best only a small percentage of 
the microfilariae ingested develop into infective larvae. 

When the mosquito bites a warm moist skin the larvae break free 
from the labium where the labellum is joined, creep out on the skin of 
the host, and penetrate through the mosquito bite or other abrasions. 
This happens successfully only in warm, moist weather, for cold makes 
the larvae inert and dryness destroys them. Gradually, as the mosqui¬ 
toes bite, the larvae escape from the proboscis until alter about > weeks 
all are gone. 

Nothing is known of the course pursued by the larvae after they 
enter the skin and very little as to the time required for sexual maturity 
to be reached. The large heart filaria of the .log. Dirofilaria in,mitts, 
matures 9 months after infection, and it is unlikely that the human 
filaria takes longer. The fact that in India children seldom show micro- 
filariae in their blood under 5 years of age and Europeans only after 
many years of residence in an infected locality is due either to the 
scarcity of the embryos in the blood or to failure of the males and 
females to meet each other in the same glands or lymph ducts. Prob¬ 
ably the adults live at least 4 or 5 years. 

Pathology. Filarial symptoms are caused by the adult worms; the 
microfilariae usually produce no symptoms. The so-called signs and 
symptoms are due either to inflammatory reactions or to lymphatic 
obstruction. 

It is very likely that the inflammatory effects are due largely to aller¬ 
gic reactions in sensitized tissues. They consist primarily in inflamma¬ 
tion of lymph glands (lymphadenitis) and lymph channels (lymphan¬ 
gitis), particularly of the male genital organs (scrotum, spermatic 
cords, epididymis, and testes), and of the arms and legs. The attacks 
are usually recurrent, often being precipitated by exercise, and may be 
accompanied by chills, fever, aches, and general malaise. It is believed 
that the allergic irritation may be due either to fluid in which the 
embryos of the worms are discharged, or other metabolic products, or 
to proteins liberated from dead and phagocytizcd worms. Some 
workers, e.g., Grace, believe that hypersensitiveness to accompanying 
chronic Streptococcus infections is largely responsible for the symp¬ 
toms. Failure of penicillin and sulfonamides to affect filarial lymphan- 
gitis is against this theory. 
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rig. 142. Some extreme cases of elephantiasis. A, of legs and feet; B, of 
s ' rotum; C, varicose groin gland; D, scrotum and legs; E, of mammary glands. 

\ nd /? sketched from photographs from Castcllani and Chalmers; C, D, and 

E from Mr. ns on.) 

Obstruction of lymph channels may play a prominent part in the 
symptoms, especially in old infections. The dramatic end result of 
•bis is elephantiasis (Fig. 142), which, as Brown (1945) says, is popu- 
ar >' b,,t mistakenly believed to he the inevitable final termination of 
every filarial infection. This belief caused a tremendous amount of 
unnecessary mental anguish and psychoneurosis during World War II 
among infected American troops in the South Pacific, who had visions 
k l\es ending up with anything from sterility to being attached 
ro a Uni-pound scrotum or leg. 

The earliest obstructive effects are varicose lymph or chyle vessels 
" l J places whcr ‘‘ l> -n >ph glands or channels are blocked by inflam¬ 
matory tissue reactions. Such varices may burst and divert large 
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amounts of lymph or chyle into the scrotum, bladder, kidney, or peri¬ 
toneum, or even into the intestine. When obstruction occurs ... the 
smaller lymph channels in the subcutaneous system and skin, especially 
in scrotum, limbs, breast, or vulva, the tissues become swollen and 
"blubbery." Eventually fibrous tissue increases and the sk... becomes 
dense, hard, and dry. since the sweat glands also degenerate. Tins 
process may gradually increase until true elepl.ant.asis appears when 
certain parts of the body develop to monstrous proport.ons. 1 is a 
characteristic feature of obstructive forms of f.lar.as.s that microfilariae 
are commonly absent from the blood, either because they are dammed 
up in the lymph system or because the parental worms have check 
There is a positive correlation between incidence of filariald.sease and 
microfilaria rate in a community but a negative correlate, between 
elephantiasis and blood microfilariae ... an individual. 

As Brown pointed out. any disease that may run its course for a 

period as long as 50 years is likely to vary greatly ... .ts clinical cm 
in different human hosts. Such factors as number of worms, speed 
which they are acquired, and allergic sensitivity of the mdudalmust 
be taken into account. Many cases never show any obwous symp¬ 
toms. In a large group in the Virgin Islands. 20'< had ,, ''‘ rohl ^ rw [ 
the blood, yet practically all were unaware of ...fee<» • Om h.u 
23,240 microfilariae per cubic centimeter of blood. >c . < _ 

symptoms of filarial infection except a slight general glandular enlarge 

■""it has been common experience in India and other parts.ofthe -vorld 
that filarial symptoms are slow in appearing in Imha. Europeans 
seldom show symptoms until they have rented m en e.me . k 

for 10 to 15 years, and even native children seldom shows> m.tom 
until half grown. Sometimes, however, elephant,as,s one s a k 
may develop rapidly. Brown saw a patient whose scrotum grew f.om 
normal size to a weight of 14 lb. in a year. frnnn _ 

In contrast to all prior experience with filar,as.s American troop* 
exposed to the nonperiodic strain in Samoa and other South 1. 
islands during World War 11 developed filar.al symptoms in as short 
a time as 3>/ 2 to 6 months and in an average of 9 months (Dickson 
Huntington, and Eichold. 1943). This d.sease. called by the n. 
name “mu-mu “ was characterized by lymphangitis, enlarged g an lv 
swelling, and redness, most frequently in the gen.tals or arms and I ss 
often in the legs. Headache, backache, fat.gue and "aus>. 
common, but fever and malaise were unusual; pbys.ea and nu nta 
depression was very pronounced. Microfilanae appeared ... the blood 
in very few cases. 
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It seems probable that the differences between this rapidly develop¬ 
ing disease and the slow-developing filariasis of other parts of the 
world was due to intensity of infection and consequent early develop¬ 
ment of strong allergic reaction. In most places in the tropics Euro¬ 
peans are segregated from infected natives at nights and protect them¬ 
selves from mosquitoes sufficiently to escape heavy infections. In the 
Pacific islands, where the abundant day-biting Aedes polynesiensis is 
the transmitter, men working or fighting in or near native villages may 
get as many infective bites in a month as they would get in India in 
years. A very interesting and possibly significant fact is that in islands 
where only the nocturnal strain exists, e.g.. North Guinea, few or no 
cases developed among white troops. 

Little work has been done on immunity to filarial infections, but 
work by Scott and McDonald (1953) on Litomosoides in cotton rats 
indicates that as in other worm infections immunity is directed against 
metabolic products of the worms rather than against the body proteins 
(see p. 28). 

Diagnosis. If microfilariae are present they can usually be demon¬ 
strated (in night blood in the nocturnal strain) by examination of a 
fresh drop of blood for squirming microfilariae, or of a dehemoglo- 
hini/ed and stained thick smear (see p. 186). A more accurate method 
in case the embryos are scanty is to take 1 cc. of blood in 10 cc. of 2% 
formalin centrifuge, and examine the sediment. For specific identi¬ 
fy ation the embryos should be stained by Giemsa or Wright methods. 

Since microfilariae arc frequently absent, especially in elephantiasis 
cas- i, clinical signs and symptoms must be relied on to a considerable 
extent. Skin tests with antigen prepared from Dirofilaria i mm it is or 
other fihrhio, since there is very little specificity, arc very helpful. In¬ 
jection of 0.01 cc. of a 1 : 5000 dilution gives positive reactions in most 
■•m l a minimum of false positives, though many of the positives 
linicnlly active cases. False positives are probably due, as 
1 -tguslinc and Lherisron (1946) pointed out. to sensitization of man 
by i ae of nonluiman filarial worms, to which he must often be 
e-:poacd. Negative skin reactions are helpful in ruling out filarial infec- 
lior.s, though they sometimes occur in active cases, probably due to 
desensitization. 

Treatment and prevention. Filariasis apparently balked all efforts 

treat it until World War II. when several American workers (Brown, 
and Culbertson et al., 1945, 1947), following up successful exper¬ 
iments on Dirofilaria in dogs and on Litomosoides in cotton rats, found 
dull a number of antimony and arsenic compounds given over a period 
ol 2 weeks or more greatly reduced or completely eliminated the infec- 
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tions. The antimony compounds (especially Neostibosan) quickly kill 
the microfilariae but have slower effects on the adults: the latter have 
their reproductive organs injured, resulting in eventual sterility as in 
the case of antimony-treated schistosomes, but the response m some 
cases is disappointing. The arsenic drugs, of which arsenamide is most 
promising, have a slower effect on the microfilariae, but kill or sterilize 
the adult worms rather quickly. Arsenamide has been found very 
effective against both the periodic form of \\ . bancrofti (in Yu gin 
Islands) and the nonperiodic form (in Samoa) (Otto. Brown et al., 
1952; Otto et al., 1953), but has the disadvantage of having to be given 
intravenously daily for 15 days. The minimum curative dose is prob¬ 
ably 0.6 mg. per kilogram daily for at least 10 to 12 days. The diarrhea 
and nausea which it sometimes causes can be relieved by giving ascor- 

Hetrazan, a piperazine derivative given by mouth very rapidly kills 
the microfilariae, and probably has a slow and gradual effect on the 
adult worms. The microfilariae disappear completely or ncarb com¬ 
pletely in a few hours and often fail to reappear for many months, 
whereupon they gradually return. In Samoa however, Otto et al. 
found a number of treated cases showing few microfilariae, sometimes 
none, even after 2 years. Evidently in these eases the adult worms 
were either destroyed or sterilized. The dosage used is 3 mg. per kilo¬ 
gram body weight daily for 7 to 14 days. The principal d.saclvantage 
is that allergic symptoms always develop as the result of the sudden 
destruction of the microfilariae and liberation of their p.o « > 
sensitized body. The symptoms vary from brief chills and fexer 
almost complete prostration with severe headache muse ar aches 
dizziness, sweating, etc. Suramin (Bayer 2a, or Antrypol) also has 
some effect on Wuchercria infections, but is too toxic for routine use. 

Some workers believe that elephantiasis is brought on by dead fila¬ 
riae, so the wisdom of killing the adult worms by chemotherapy has 
been questioned, but no evidence of elephantiasis has appeared ... 
cured patients. In some cases of elephantiasis Knott (1J3S) has ob¬ 
tained good results from pressure bandaging. In some casessurgery 
can be used to advantage, as Auchindoss showed ... 1930. Cortisone 
(100 mg. daily for several weeks) is helpful. Kesse has described the 
joie dc vivre of patients who have experienced relief through cortisone 

^Control is largely a matter of mosquito control, and this varies with 
the local transmitters. The predominantly urban Culex qumquefasa- 
atus can be controlled by local elimination of breeding places and 
DDT spraying; the latter is also effective against some of the Anopheles 
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transmitters. The Acdes of the scutcllaris group that transmit the 
variety pacifica, on the other hand, seldom enter houses and almost 
never rest in them, so they cannot be controlled by DDT. Here whole¬ 
sale use of Hetrazan to eliminate most of the microfilariae may be the 
best solution. 


Witchereria malayi 


Although Wuchcreria bancrofti was long thought to be the only 
filaria commonly responsible for lymphangitis and elephantiasis, it has 
been found that in many places this species plays second fiddle to 
another species that was long known only by the embryo. Microfilaria 
malayi (see p. 475 and Fig. 139). The adult, which resembles W. ban¬ 
crofti closely, was first found in 19*10 by Kao and Maplestone in India. 

W. malayi is common in many places in India and in southeastern 
Asia and the East Indies, sometimes along with bancrofti , sometimes 
alone; it may affect up to 50% of the rural population. 

Recently various wild and domestic animals in Malaya, India 
(Orissa), and the Kenya coast of Africa have been found with malayi- 
like infections. In Malaya, it has been shown that W. malayi, and a 
closely related second species W. paliangi , occur in monkeys, slow 
loris. dogs, cats, tigers and other wild felines, and ant-eaters. Edeson 
and Wharton (1958) showed that U\ malayi is readily transmissible 
from man to cats and various other animals and that 34% of the cats 



arc net uncommon. 

'] lu tiansmittii mosquitoes arc mainly species of Mansonia (see 
p. -50; and sometimes Anopheles. Since Mansonia lives in swamps, 

itli l lu larvae ami pupae attached to the roots of water plants, the 
disease is lor the most part rural. \V. bancrofti infections increase 
toward the center of towns, malayi infections peripherally. In India 
Mansonia annul if era is the principal vector, and so the disease can be 
controlled by the delightfully simple method of removing Pistia (water 
lettuce) on which this mosquito lives almost exclusively (Iyengar, 
i9 >S). In Malaya, however, the chief vector is M. longipalpis, which 
pierces the fine roots of swamp-loving trees, and so only extensive 
drainage is effective. In 195S, Wilson et al. reported that the strain of 
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W. malayi transmitted by Mansonia showed a number of differences 
from the strain transmitted by Anopheles. The Anopheles-transmitted 
strain shows, among other features, marked microfilarial periodicity 
and develops poorly in cats, whereas Mansonia-transmitted strain is 
essentially nonperiodic and is established readily in cats. Further 
study is required to determine the significance of these observations. 

The pathogenic effects of malayi infection are similar in most respects 
to those of bancrofti infection, but the elephantiasis is more frequently 
in the legs, and the genital organs are rarely aflected. In Travancore, 
microfilariae were occasionally found in children only 2 years old. and 
elephantiasis was seen in a child of 6. In miltarv personnel repatriated 
from Indo-China, a condition of “tropical eosinophilia.*' with swelling 
and inflammation of lymph glands and bronchial and pneumonic 
symptoms, has been observed. 

The African Eye Worm, Lon Ion 

This worm is a common parasite of man in west and central Africa. 
In 1936 Sandground examined adult worms collected from monkeys 
in Belgian Congo and believed them to be Loa loa. Some years 
later, Cordon (1955) showed that L. loa of human origin can be 
transmitted to monkeys. Duke and Wijers (1958) concluded that 
the Loa of naturally infected monkeys in the Cameroons is probably 
of little significance as a reservoir of human infection since the 
vectors involved in monkey transmission live in the forest canopy and 
rarely come in contact with man. The adults live in the subcutaneous 
tissue of man and make excursions from place to place under the skin, 
causing itching and a creeping sensation; they show a special pref¬ 
erence for creeping in and about the eyes (Hg. 1*13Z)), and are 
responsive to warmth. In a person sitting before a fire the worms 
become active and move to exposed parts; they have been observed 
to travel at the rate of about an inch in 2 minutes. 

The adult worms resemble pieces of surgical catgut, the female 
varying from about 20 to 70 mm. in length, whereas the males measure 
about 20 to 35 mm. The general anatomy is not unlike that of 
Wuchereria bancrofti, but the cuticle is provided with numerous little 
dewdrop-like warts along the lateral lines (Fig. 143). 

Loa loa produces sheathed embryos (see p. 474 and Fig. 139C) 
which make their way to the blood stream. They have a diurnal 
periodicity, swarming in the blood in the daytime and disappearing at 
night. The intermediate hosts are certain species of Chrysops (C. 
dimidiata, C. silacea, and possibly others), known as mango flies (see 
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p. 690). The larvae develop in the fly’s abdomen, sometimes by 
hundreds, and invade the proboscis after development to the infective 
stage, which takes 10 to 12 days. When the fly bites, the larvae file 
out of the proboscis and enter the skin through the bite. 

Loa worms seem especially active in their youth, later showing a 
tendency to retire to deeper parts of the body. In the eye they are 
painful, but it is here that they can most easily be extracted. The 
extraction, however, has to be done expeditiously, before the disturbed 
worm flees to hiding places deeper in the body. 



Fig. 143. Loa loa: A, anterior end, showing muscular and glandular parts of 
esophagus and position of vulva ( x20); /?. tail of male, showing spicules, narrow 
alae, and papillae I x 100); C. portion of body showing dcwdrop-like warts on 
cuticle along lateral lines; D, Loa loa in eye. (A, B, and C adapted from various 
authors; D, after Fullebom in Kollc u. Wasscrmann. Haiulbuch tier path. Mikro- 
o;g., Vol. 6. 1929.) 


T .°a infections are usually accompanied by painless though some¬ 
times itchy edematous swellings, commonly as large as pigeon eggs, 
which appear suddenly, last a few days, and then disappear to reappear 
; ater somewhere else. These “Calabar swellings” are often more 
troublesome a few months after removal to a cold climate than they 
arc in West Africa, so much so that they take the joy out of leave 
trips home for some Europeans. The swellings are undoubtedly 
allergic reactions to metabolic products of the worms or to proteins 
liberated from injured or expired worms. Chandler, Milliken, and 
Scluihardt (1930) produced a large swelling by injection of a minute 
amount of Dirofilaria antigen into the skin of a patient. Kivits (1953) 
reported Loa microfilariae in the cerebrospinal fluid in four cases of 
K.I..! i ncephalitis. Possibly the microfilariae cause serious effects when 
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they penetrate into the brain or spinal cord, as do Sclaria larvae 
(p. 495), or perhaps they open the door for neurotropic viruses or 

even carry them in. 

Hetrazan, even in small doses, kills the microfilariae of Loa, and 
relieves symptoms, but affects the adults slowly if at all. 

Dipctalonema (- Acanthocheilonema) perstans and 
D. streptocerca 

The genus Dipctalonema (including the old genus Acanthocheilo¬ 
nema), contains many species found in monkeys and small animals. 
Newton and Wright (1956) reported for the first time that a species 
of Dipctalonema, perhaps D. rcconditum, is a relatively common para¬ 
site of dogs in the United States. The same authors (l >o.) showed 
that dog fleas serve as intermediate host for this worm. As yet, 



Fig. 144. D. perstans: A. posterior end of S . 'cn r.. * 

o([ at level of cloaca); B. same, lateral view: C. tip of tail of 9. 
Ann. parasitol. hum. el comp.. 27, 1952.) 


(large spicule cu 
(After Chabautl 


there is no information concerning its pathogenicity ... the dog. In 
it seems rather clear that microfilariae of this worm must havIeen 
mistakenly diagnosed as the pathogenic D,rofihtru, imm.tis on . 
hundreds of occasions. D. perstans (Fig 144) is a very con non 
parasite of man and apes in rain forests of west and central Afnc. 
The incidence of infection increases with age and ... some arc as n 
Congo, Uganda, and Cameroons practically all elder y people • 
microfilariae in the blood. It has also become established ... north, r. 
South America and northern Argentina. The microfilariae ( Fig. 13M) 
exhibit no periodicity. The threadlike adults live ... deep conr.ee tree 
tissue; the males are about 35 to 45 mm. long and only 60 ft ... d.ameter, 
and the females 70 to 80 mm. and 120 M in diameter. 
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The infection seems to produce no evident symptoms, at least in the 
majority of cases, but Enzer observed cases of persistent headache and 
drowsiness in individuals whose blood was teeming with the embryos 
and in whom there was no other evident cause for the symptoms. 
Duke in 1957 reported symptoms suggesting an allergic reaction, with 
a skin rash and eosinophilia. Others have observed continuous fever. 
Sharp (1928) showed that the intermediate hosts in the Cameroons are 
minute nocturnal midges, CulicoUles austeni and C. grahami (see 
p. 676). Chardome and Peel (1949) found that Culicoides grahami 
readily ingested skin-inhabiting microfilariae of Dipetalonema strepto- 
ccrca (see below) but not those of D. perstans and questioned 
Culicoides being a vector of perstans, but later work in British 
Cameroons confirmed Sharp’s work (see p. 678). Development takes 
place in the breast muscles of the flies, and infective larvae invade 
the head in about 8 or 9 days. Since the vectors are very numerous 
but only harbor a few infective larvae, there is a high incidence of 
light infections, whereas in Loa infections (see above) unevenly 
distributed but heavier infections are the rule. This is because the 
Chrysops vectors are less abundant, but one fly may harbor hundreds 
of infective larvae. 

There are contradictory reports on the effectiveness of Hetrazan in 
eliminating the microfilariae of D. perstans; possibly this varies with 
the location of the adult worms. 

Another species of Dipetalonema, D. streptoccrca, was long known 
only by the microfilariae (sec p. 474), which resemble those of D. per¬ 
stans but are usually longer and more slender and are found in the 
skin like those of Onchocerca. It occurs in 2 to 100% of natives in 
some parts of west and central Africa, and also occurs in apes. Only a 
jew adults oi this species have been found. No symptoms can 
definitely be ascribed to it. Similar larvae were found in six of eleven 
chimpanzees in Belgium Congo; the adult worms were located in 
connective tissue. The intermediate host was shown by Chardome 
and Peel (1949) to be Culicoides grahami. 


Mansonella ozzardi 

'lliis worm, related to Dipetalonema perstans , is common in parts 
of the West Indies, Yucatan, Panama, and neighboring coasts of 
South America; it is also present in 25 to 30% of the people in 
northern Argentina. I he adults, found in the mesenteries or visceral 
lat, are about the size of Wuchereria bancrofti; the females are 
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characterized by a pair of flaplike processes with fleshy cores at either 
side of the tail. Only one single incomplete male has ever been found. 
The microfilariae (see p. 474 and Fig. 139E) are much like those of 
D. perstans but differ in having pointed tails without nuclei. There 
is no evidence that the worm is pathogenic although infected persons 
are reported to have an increase in blood eosinophiles. Buckley 
(1934) showed that the intermediate host in St. Vincent, \V. I., is 
Culicoides furens (see p. 676), the development being similar to that 
of D. perstans; it is completed in about 7 or S days. 

Onchocerca 

The members of the genus Onchocerca are long, threadlike filarial 
worms which live in the subcutaneous and connective tissues of their 
hosts, where they are usually imprisoned in tough fibrous cysts or 
nodules. The females are so extremely long and hopelessly tangled 
that it is very difficult to get entire specimens. In man the females 
sometimes reach a length of 500 to 700 mm. (over - ft.), and in cattle 
twice this length or even more, with the diameter of a coarse sewing 
thread (about 0.3 to 0.4 mm.). The males are very small by com¬ 
parison, about 20 to 50 mm. long, with a diameter of 0.2 mm. The 
microfilariae (see p. 474 and Fig. 139F) are sharp-tailed and un¬ 
sheathed, and differ in that they do not enter the blood stream but 
localize in the skin and eye tissues. 

A number of species have been described from horses, cattle, ante¬ 
lopes, and man, but they are very difficult to distinguish, and some 
have been differentiated mainly on the basis of the usual location of the 
nodules in the host’s body. All the species are recognizable by the 
presence of thickened ridgelike rings on the cuticle (Fig. 145A), much 
more conspicuous in females than in males. The male has a coiled tail 
bluntly rounded at the tip and provided with papillae but no alae 
(Fig. 145 B); there are two unequal spicules. The females have the 
vulva near the end of the esophagus and have a bluntly rounded tail. 

Some species, especially Onchocerca gibsoni, injure the hides and 
carcasses of cattle by the hard nodules that form. Another, O. reticu¬ 
lata ("-cervicalis), inhabits the neck ligament of horses, causing "poll 
ill” and fistulous withers; the microfilariae cause papular, itching skin 
sores. This species occurs in the United States. The intermediate 
hosts of these species of Onchocerca of horses and cattle are species 
of Culicoides (see p. 676). This may also be true of O. armillatus, 
which causes aneurysms in the aorta of cattle in Africa. 
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Onchocerca volvulus 

Human onchocerciasis is caused by O. volvulus , which occurs in 
southern Mexico, Guatemala, Salvador, and northwest Venezuela in 
the Western Hemisphere, and in central Africa and Yemen in the 
Old World. It was probably originally an African infection intro¬ 
duced rather recently into Central America, where it was not dis¬ 
covered until 1915. In some localities SO to 100% of the people harbor 
this worm, and 5% of them lose their sight. 



Fig. 145 . Onchocerca volvulus: A, portion of body showing annular thickenings; 
If. tail of male, showing spicules and papillae: C, an opened Onchocerca nodule 
•bowing tangled worms inside. x2. (A and R adapted from Fullebom, in 
Kcl' * u. VVassertnann. Ilatulbuch der path. Mikro-org., Vol. 6, 1929. C, after 
ilr.unpt, Freels (lc parasitologic, 1949.) 


Life cycle. The developing worms creep about in the subcutaneous 
tissue, but when they come to rest there is an inflammatory reaction 
winch results in tlu formation of the characteristic fibrous cysts; in 
c;ml inf.ia.ice a nodule was found in a child 2 months old. but usually 
somewhat longer time is required for them to appear. They may 
iow to •» diameter of 1 cm. in a year, but usually the growth is 
ower. Strong et al. in Guatemala usually found 3 or 4 worms in a 
nodule but in Africa there are composite nodules containing more 
ii*up 100 worms. The worms lie in tangles in the cysts (Fig. 145C), 
v ni< >i vary from the size of a pea or smaller to that of a pigeon’s egg; 
usually a swarm of microfilariae is present also. In most localities 
iniectud people have only one to half a dozen nodules, but in some 
places in Africa 25 to 100 nodules are commonly seen, most of them 
only a few millimeters in diameter. There is ample evidence, however. 
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that not all of the adult worms become encapsulated. The adults are 
long-lived; in Kenya microfilariae were still present in the skin seven 
years after reinfection was stopped by eradication of the intermediate 

°The microfilariae. 250 to 360 h long and unsheathed (Fig. 139F). 
escape readily from the prisons which enclose their parents and make 
their way. not into the blood stream, but into the connective tissue 
just under the skin, where they accumulate in large numbers. Some¬ 
times they emerge by hundreds when a bit of excised sk... is placed 

in a saline solution for two or three hours. 

The intermediate host in Africa was shown by Hlackteck in 1 )-6 to 
be a species of blackHv, Simulium ,l„n,nosun, (see p. 6S4); 5. ncacc, 
is a vector in much of Congo and. before its recent eradicah.m rans- 
mitted the disease in Kenya. In Guatemala and Mexico S. ochraccun, 
seems to be the only really antl.ropophilic species, and onchocerciasis 
is common only where this species is present; but S mc.alhcum also 
bites man. and S. a,llidu,,, does so to a less extent. Several o.h 
species may be locally important. The microfilariae of Onc mccrcn 
are seldom found below the knee, where S. mctalhcum and some ot ur 
species usually bite. I. has been suggested that the Onchocerca nfec- 
tions often found in wild-caught specimens of metallic,,, maj^ repre¬ 
sent O. gutlurosa of cattle or O. reticula,,, of horses, which ar a so 
present. However, as far as is known, the latter species, and perhaps 
some of the cattle species also, are transmitted by C.uluoulcs (see 

P ' When the flv is biting, its salivary secretions attract the microfilariae 
from adjacent areas of skin so that even 100 to 200 may be ingested 
in a single meal. Rapid development takes ph.ee ... the tl o, ac 
muscles; infective larvae are produced in 6 to 7 days, according to 

Wanson (1950). . . .. . .» 

Epidemiology. In central Africa the infection has a wide chstr b - 

tion. largely coinciding with that of Simulium danmocm and S. ncac c 
but in America it is mostly limited to a narrow strip on the I ac c 
slope in Guatemala and southwestern Mexico, between abou 200. and 
4500 ft. elevation, where coffee is extensively grown, and where tluu 
are numerous small, shaded, trickling streams arising from springs, in 

which S. ochraceum breeds. , . . IA . Ml . 

In Mexico 20.000 people arc affected in Chiapas and 11. 
Oaxaca, but apparently the infection has not yet spread over all 

areas where it could thrive. Dampf (1942) called attention to the 
danger of its spread along the Pan-American Highway, which pass, 
through foci in both Mexico and Guatemala. The danger is great, s 
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to natives since, as in the case of Wuchereria bancrofti , harmful effects 
develop only after continued exposure to infection. 

Pathology. As already noted, the outstanding feature of onchocer¬ 
ciasis is the development of fibrous nodules enclosing the worms (Fig. 
144C). In parts of Africa the nodules are largely confined to the 
trunk, especially just over the hips and on the knees, elbows, ribs, etc., 
but in some regions of the Belgian Congo, and especially in Central 
America, they are commonly found on the head. In Guatemala about 
95% are on the head, especially about the ears. The location of the 
nodules seems to be influenced by pressure on the skin, either by bones 
or by hats or clothing, which might temporarily make the going hard 
for the migrating worms and impede them long enough for the tissues 
to start the imprisoning process. The site of the bites of the interme¬ 
diate hosts is certainly not the determining factor. 

Ordinarily the nodules are not painful, and seldom suppurate, so 
usually give very little trouble. The microfilariae, however, which 
creep in the skin, not necessarily in the immediate vicinity of the 
nodules, cause other disturbances. In Africa, onchocerciasis is com¬ 
monly associated with a peculiar thickened, scaly, lizardlike skin, 
especially around the middle part of the body, but not on the head, 
whereas in Central America there are more likely to be erysipeloid 
rashes on the head (coastal erysipelis). A more marked difference 
between the infection in Africa and America is the degree of lymphoid 
involvement. In Africa enlarged lymph glands containing micro¬ 
filariae. lymph scrotum, and elephantiasis of the scrotum and legs are 
frequently associated with Onchocerca infections, even where 
v\ uchercria bancrofti is absent. The reasons for these differences 
have not been explained. It has been suggested that perhaps many of 
the adults, particularly in the African strain, do not form nodules and 
remain undetected in the body. 

i lie most serious complication of the disease is interference with 
the eyes, often ending in blindness. This is very prevalent in the 
‘ ndrmie zones of Guatemala and Mexico, where in some localities 10 


!<> of the population suffer from partial or total blindness. This 
is also true in some places in Africa, although in some localities where 
tin nodules are mainly on the trunk, eye disturbances are much less 
Ircquent. As recently as 1949, Bmmpt and Chabaud concluded that 
the ocular complications do not occur in Europeans, and the general 
impression has been that eye disease only appears after long years of 
infection. However, Woodruff and Murray in 1958 described eye 
involvement in 34% of 72 European patients, some of whom had been 
m the tropics a relatively short time. In contrast, there is a very low 
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incidence of ocular onchocerciasis although almost 100'. of the 
population is infected. 

Strong (1934) carefully investigated this condition in Guatemala and 
found that the embryos escaping from nodules on the head had a 
tendency to invade the tissues of the eye—conjunctiva, cornea, iris, 
and other parts, sometimes even the optic nerve. Eye disturbances 
usually occur among adults with a history of nodules extending over 
4 or 5 years or more. The lesions are chronic and progressive, begin¬ 
ning with injection of the conjunctiva, inflammation of conjunctiva and 
cornea, and development of opaque spots which run together. These 
lesions are due partly to irritation set up by the continual passage of 
numerous embryos through the eye tissues, and probably in part to 
allergic irritation. After the corneal tissues of the eye have become 
opaque, complete restoration of sight is not possible, but there is often 
some degree of improvement, or at least arrest of further harm, after 
removal of nodules on the head or destruction of microfilariae by 
Hetrazan treatment. 

Diagnosis. Diagnosis can usually he made by puncturing and 
aspirating a nodule, by excising a small piece of skin with a razor 
(preferably not deep enough to draw blood), or by applying a cover- 
slip to the blood-stained exudate pressed out after four or five super¬ 
ficial scratches with a sharp instrument. Skin from the shoulder 
region, around the umbilicus, or in the vicinity of nodules is likely to 
provide the largest number of microfilariae, regardless of the situation 
of the nodules. Examination of fed blackflies (xenodiagnosis) may be 
an even better method when feasible. Precipitin and skin reactions to 
filarial antigens arc unreliable, but a skin reaction following a single 

dose of Hetrazan is of diagnostic value. 

Treatment. The most effective treatment is excision of the nodules, 
which is usually possible. By systematically doing this, the amount ol 
infection has been markedly reduced in Mexico. 

Only two drugs have thus far proved useful in treatment. One, 
Hetrazan (see p. 483). has spectacular effects on the microfilariae, 
completely destroying them in a few hours, but it has a slow and 
unreliable effect on the adult worms, so the microfilariae eventually 
return. The chief disadvantage is that the rapid destruction of the 
microfilariae commonly brings on severe allergic reactions—fever, 
joint pains, inflamed and itchy skin, enlarged lymph nodes, and irrita¬ 
tion of the eyes. These symptoms reach their height in 12 to 15 hours, 
and may be severe enough so that the treatment is considered worse 
than the disease. Use of small doses to begin with, together with 
antihistaminic drugs may alleviate this trouble. The recommended 
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dosage is 2 mg. per kilogram three times a day for 2 or 3 weeks, or 
10 mg. per kilogram once daily for 1 week, repeated every 6 months. 
The other drug is Suramin (Bayer 205), 1 gram each week for 5 weeks. 
This kills the adult worms; the microfilariae then gradually disappear 
in the course of several months, and the nodules shrink. But this 
drug is very toxic, produces severe reactions, and requires intravenous 
injection. Present indications are that Suramin treatment following 
Hetrazan may be a good procedure. Systematic “denodulization” is 
still the safest and best method of treatment. 

Prevention. Among natives exposure to bites of blackflies is 
unavoidable. Systematically destroying the parasites or nodules in 
human beings in more or less circumscribed foci, as in Mexico and 
Guatemala, might be possible, but it is thought to be impracticable in 
Africa. Animals are not believed to constitute important reservoirs, 
since the parasites, though morphologically indistinguishable, seem to 
be biologically distinct. 

A better alternative is elimination of breeding places of blackflies or 
treatment of them with larvicides (see p. 6S6), which has been done 
with remarkable success in Mexico and Guatemala, and also in areas 
in Africa. 


Other Filnrine in Man 

Scattered cases of a number of other adult or immature filariae that 
are of doubtful nature or unknown affinities arc on record. Most of 
these are tentatively referred to as Dirofilaria conjunctivae by Faust 
(1957) who has reviewed the human infections. D. conjunctivae has 
been found in cystlike tumors of the eye, nose, arm, and mesentery in 
Europe, India, U. S. S. R., and Thailand. Three cases have been 
reported l orn Florida. Some or all of the Old World cases may be 
H. n )•' ns, a parasite of dogs, but it seems more likely that the Florida 
' Jses are another species, perhaps normally in wild animals, e.g., 
D- tenuis in raccoons or D. scapiccps in rabbits. There is a record 
rrom Brazil of a filaria from the heart. D. magalhaesi , and Faust 
recorded a single male Dirofilaria from the inferior vena cava of an 
eldeily woman in New Orleans; these may be identical with D. immitis 
which lives in the heart of dogs. 

ii‘ many tropical areas, people frequently suffer from a disease 
variously known as tropical eosinophilia or pulmonary eosinophilia. 
\ persistent cough, dilficulty in breathing, and a blood eosinophilia are 
• s symptoms. In 1956 Danaraj showed that the administration 
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of filaricidal drugs resulted in a dramatic disappearance of symptoms 
and he suggested that the disease was due to filariae of animal origin 
which cannot develop satisfactorily in man. Buckley (19o8) and 
Danaraj (1959) furnished further evidence that tropical eosmophilia 

is a form of larva migrans (see p. 459). 

The possibility of larval filariae sometimes making their way to the 
human central nervous system and causing nervous disturbances has 
been pointed out by Innes and Shoho (1953). who showed that lesions 
in the brain, spinal cord, or eye of horses, sheep and goats are due 
to invasion by larvae of species of Setaria (see below) m unnatural 
hosts; these lesions result in lumbar paralysis or. when in the eve a 
disease called kumri. Whitlock (1952) found immature filariae of a 
new species, Neurofilario comellensis, in the centra! nervous system of 
sheep in New York State suffering from a similar disease. Sprent 
(1955) reviewed the pathology associated with invasion of the nervous 
system by nematodes. 

Filariae in Domestic Animals 

Except for Onchocerca infections in cattle and horses (see PP- 489- 
490) and occasional injury to horses from Onc/.ocrreo mfect.ons in c 
neck ligament, larger domestic animals suffer relatively little 
filarial infections. Setaria erp.ina and S. hbrnlo-papdloe, , arc oft 
found in the peritoneal cavities of horses and cattle, respectixcly b 
do no appreciable damage except when, during an earlv period o 
wandering through the tissues in abnormal hosts, they enter 
central nervous system (see preceding paragraph) Innes W53) 
quotes a Korean report which states that mosquitoes (.Anophdcs 
sinensis, Armigeres obturba and Aedcs logo,) are transmitter . bu 
S lomoxys is slid to transmit the cattle species. In the central 
western states another species. Slcphanofilana sides,, causes skin or s 
in cattle and sometimes in goats and pigs; in India S. assume,,sis cause 
“hump sore" in cattle, and sometimes ulcers in the ears It is a small 
worm, the females only 6 to 8 mm. and the males 2 to 3 mm. long. 

with cuticular spines behind the mouth. ... 

In the Old World horses are afflicted by Parafilana mult,pa,nito n 
and cattle by P. bovicola; the females are 40 to 70 mm long and the 
males about 30 mm. As in the genus Filaria the vulva opens ,ust 
beside the mouth. These worms live in subcutaneous tissue and pi. rcc 
the skin to deposit their embryonated eggs, causing summer bleeding 
from small nodules, and injuring the hides. Muscoid fl.es feeding on 
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the blood suck up the eggs and serve as intermediate hosts. Sheep 
suffer from sores on the head caused by Elaeophora schneideri, the 
adult of which lives in the internal maxillary arteries. 

Heartworm of dogs ( Dirofilaria immiiis). Dogs suffer severely 
from this worm, which usually inhabits the right ventricle of the heart 
and the adjacent parts of the pulmonary arteries. The females are 20 
to 30 cm. long, the males about 12 to 18 cm. The microfilariae are 
unsheathed and show a partial periodicity. The infection is found 
in all warm climates and has been reported frequently in southern 
United States, heavy infections being limited to coastal areas. There 



Fig. 146. I'ilariac of animals. A, Dirofilaria immitis of dogs, posterior end of 
6 : B. saiin*, anterior end of 9; C, Setaria equina, posterior end of <J ; D, same, 
.'•nte'ior end: E. Stephanafilaria, anterior end. ( A-C , after Monnig, Veterinary 
»/. imintl.olnui, and Entnnwlopy. W illiams and W ilkins. D and E after Whitlock, 
^rirlicul Identification of Encloftarasitcs for Veterinarians, Burgess.) 


. . :*:ccnt evidence that, in the past, it may have been confused so 
requently with a Dipetalonenui in dogs that information on incidence 
in United States dogs may be unreliable (see p. 487). Various 
n.o quitoes, especially certain species of Acdes, are intermediate hosts 
md Anopheles quadrimaculatus has been shown experimentally to be 
ii efficient host for D. immiiis . Five other species of Dirofilaria have 
cn shown to develop in mosquitoes. The heavy infections near the 
‘ are possibly due to salt-marsh mosquitoes serving as vectors. 
Development takes place in the Malpighian tubules. Fleas have been 
reported to serve as intermediate hosts, but the studies of Newton 
and Wright (1957) cast considerable doubt on this. 
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The adult worms usually remain in the right ventricle, but may 
spread into the pulmonary arteries when excessive numbers are 
present. Pulmonary circulation is interfered with, and dogs with fifty 
or more worms cough and quickly show respiratory difficulties on 
exercise, or may collapse entirely. Treatment with antimony com¬ 
pounds, especially Fuadin, kills the microfilariae and eventually kills 
or sterilizes the adults. Arsenamide kills the worms but has little or 
no effect on the microfilariae. Hetrazan quickly kills the microfilariae, 
but its effect on adult worms is questionable. Since dead worms tend 
to enter and clog the pulmonary arteries, exercise should be reduced 
to a minimum during and for two months after treatment. 


SUBORDER SPIRURATA 

II. SPIRUROIDS (SUPERFAMILY SPIRUROIDEA) 

Morphology. The superfamily Spiruroidea contains a large num¬ 
ber of worms that are parasitic in all kinds of vertebrates. They vary 
enormously in form and include slender, filarialike worms such as 
Thelazia and Gongylonema ; large heavy-bodied forms superficially 
resembling ascarids, such as Pliysaloptera; short, thick forms such as 
Gnathostonui; and forms with bizarre females nearly spherical in shape, 
such as Tetrameres. Some have the head or body armed with spines 
or other cuticular embellishments. The mouth opens into a chitinized 
vestibule; in some, e.g., Thelazia (Fig. 147/*). it has no lips, but in 
the majority there is either a single pair of lateral lips, e.g., Physaloptcra 
and Gnathostoma (Fig. 147C, D), or a pair of dorsoventral lips in 
addition to the lateral pair, but never three or six lips. The vulva 
usually opens in the middle region of the body, but near the anus in 
Gongylonema. In the males the tail is spirally coiled; it usually has 
broad alae often ornamented with cuticular markings and provided 
with pedunculated papillae. 

Important species. The table on page 498 gives a list of the 
forms that are of interest as parasites of domestic animals, including 
those that are accidental parasites of man. It will be seen that, though 
some of them live in the alimentary canal, most of them live in its 
walls or in more distant parts of the body. 

Life cycles. Except for Thelazia and specimens of Spirocerca that 
get misplaced in aortic cysts, the eggs of all these spiruroids get access 
to the alimentary canal and are voided with the feces. In all cases in 
which the life cycles have been worked out, except Thelazia . the thick- 
shelled, embryonated eggs are swallowed by arthropods either in soil 
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SPIRUROIDS OF INTEREST AS PARASITES OF DOMESTIC ANIMALS. 
ACCIDENTAL PARASITES OF MAN MARKED " **' 



Definitive 


Intermediate 

Name of Parasite 

Hosts 

Habitat 

Hosts 

Ascarops (Arduenna ) and 

Pigs 

Stomach 

Dung beetles 

Physocephalus 



Grasshoppers, sow 

Cheilospirura spp.* 

Chickens and 

Walls of 

turkeys 

gizzard 

bugs (also beetles 
and sandhoppers) 


Echinuria spp. 

Ducks and 

Stomach and 

Daphnia, nmphipods 


geese 

small 

intestine 


Gnathostoma sjtinifiertim * 

Fish-eating car¬ 

Stomach 

First host: Cyclops; 


nivores 

tumors 

second: fish, frogs, 
or snakes 

Gongylonema spp.* 

Ruminants. 

Walls of 

Dung beetles or 

pigs, horses. 

esophagus 

roaches 


rodents, fowls 

or rumen 


Habronema m icrostoma. 

Horses 

Mucosa or 

Maggots of Stomoxys 

muscae and macrostoma 


lumen of 

or Musca (escape 



stomach 

from proboscis of 
adults) 

Ilartcrtia gallinarum 

Chicken (Africa) 

Small intes¬ 

Workers of termites 



tine 


Physaloptcra spp.* 

Insectivorous and 

Stomach or 

Cockroaches, ear¬ 

carnivorous 

intestine 

wigs, beetles, 


mammals, 
birds, reptiles 
(common sp. 
in opossum) 


and crickets 

Prctospinira spp. 

Rodents, mon¬ 

Esophagus 

Roaches, fleas? 


keys, etc. 

and 

stomach 


. c piroccrca smigu Inolcnta 

Dogs 

Tumors on 

Dung beetles 



esophagus, 

stomach. 




or aorta 


Tctrimcres spp. 

Poultry 

Glands of 

Grasshoppers, 



proven- 

roaches, amphi- 



triculus 

pods, Daphnia 

Thc.lazia eallipaeda *, 

Ruminants, dogs 

Eye 

Musca spp. 

rhvdcsi and 
c.uijorrdcmis * 

and man 



Oxy*plrura m insonl 

Chicken 

Eye 

Roaches 


or \p. water, and in these the larvae develop. In most cases infection 
>f the final host results from the swallowing of the intermediate host, 
but in at least some of the species accessory methods of transfer have 
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been evolved. Although the species of Hobronema of horses which 
develop in maggots of stableflies or housefl.es may infect then hosts 
through the swallowing of infected adult flies, the larvae, after develop¬ 
ment in the Malpighian tubules or fat bodies, make ,ht ‘ ,r " a > " “’ l 
head and voluntarily escape from the labium on warm wet spaces as 
do filariae. They thus reach the lips. nose, or wounds and finally 
infect via the mouth when licked off and swallowed. I has been 
suggested that this type of life cycle is an evolu .onary step toward 
the filarial type, but Anderson (1957) has argued <l»>te pers,^ e > 
that Habronema has a highly specialized l.fe cycle which e oUjd 
quite independent of the filarial life pattern. Thelazu anae al 
escape from the proboscis of flies feeding around the eyes, thus reach- 

ing their destination directly. .„ rmw 

Infective spiruroid larvae if eaten by abnormal hosts ma bur 
into the tissues and become re-encapsulated. The senior - 'tcr f un 
armadillos fro.n hog lots with hundreds of cysts containing dead lana 
stomach-worms of pigs (Ascarops and Physoccphalus) ob'^nedfw™ 
eating infected grubs before the pigs got then,. For Cu t/ms o m ns 
seems to be routine procedure, for whereas cats are easily , ^ 

feeding them gnathostome larvae encysted in second mtermcdi.Uho 
(fish, frogs, snakes), attempts to infect them by feedmg infected 

Cyclops have so far failed. ... .„„i 

Since a considerable number of spiruroids are capable of partial a 
sometimes complete development in human beings. it is ohv.ou hat 
we owe our relative immunity to spiruroid infections to ,ho *• ' * 

we are not for the most part voluntarily insectivorous. In the folio* mg 
paragraphs are considered briefly the principal forms recorded from 

™Congylonema. These slender, filarialike worms (Fig. 147A) live 
in the walls of the esophagus or mouth cavity. The females reach ; 
length of 15 cm. and the males 6 cm., but the diameter is only 0- 
0.5 mm. Eight rows of wartlike bosses on the anterior end are a 
characteristic feature; the vulva of the female is not far from the anus, 
and the male has very unequal spicules and a coiled tail with asym- 

metrical alae. . , ... 

A number of human infections have been recorded, all of them \\HU 
immature worms; although given the name Gongylonema homnus , they 
are probably identical with G. pulchrum of pigs and ruminants. Sev¬ 
eral cases occurred in southern United States. All the patients were 
aware of the active migrations of the worms under the lips or cheeks 
and were much annoyed by them; the worms move so rapidly mat 
considerable dexterity is required to remove them. Two of the patients 
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Fig. 147. Heads and tails of male spiruroid worms found in man. A, Gon- 
Wjloncma pulchrum; head, x45; tail, x48. H. Thelazia eallipaeda ; head, x210; 
tail, x33. C, Gnathostoma sjtinigerum; head and tail, x 39. D, Pbysaloptera 
cauvasica; head, X 22: tail, x 16. (A, B, and D after various authors, adapted 

from Human Hclmintholoptj, by Ernest Carroll Faust. Lea and Fcbiger, Philadel¬ 
phia. C from Yorke and Maples tone, Nematode Parasites of Vertebrates.) 


also had nervous disorders which disappeared after they got rid of 
their parasites. Since dung beetles and roaches are the intermediate 
hosts it is obvious that human infection could not be common, for our 
appetites tend in other directions. 


It is ol interest to note that two species in rats, G. neoplasticum and 
G. oitciitale, frequently stimulate cancerous growths, but there is no 
evidence that other species do so. 


Physaloptera. The genus Physaloptcra contains numerous species 
parasitic in all sorts of carnivorous and insectivorous land vertebrates. 
I hey arc large worms (Fig. 147D), superficially resembling ascarids; 
they live most frequently in the stomach but may also live in the 
intestine and occasionally even the liver; they bury their heads in the 
mucous membranes and cause sores and ulcerations. The females 
a.o usually 3 to 10 cm. long by 1.2 to 2.8 nun. in diameter; the males 
about hall this size. A characteristic feature is a collarette surrounding 
the head end and a pair of trilobed lips. The vulva is anterior in 
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position. The male has a ceiled tail with broad asymmetrical alae 
which meet in front of the anus and have very long pap. lae; the 
spicules are very unequal. One species. P. caucasica normally para¬ 
sitic in African monkeys, is said by I.eiper (1911) to be fairly common 
in natives of tropical Africa; one case was found m the Caucasus in 

E Trolospirura muricola. Though not yet recorded from man. this 
rodent parasite has been reported by Foster (1938) as causing an 
injurious and often fatal infection of captive monkeys In general 
appearance it resembles a small Physaloptera but lacks the collarette. 
The parasites block the esophagus and irritate the stomach wall some¬ 
times perforating it. Cockroaches sene as intermediate hosts 1 
becomes more and more evident that eating roaches is a very bad 
habit for the animals that habitually indulge in it. 

Gnalhosloma spinigerum. This is a very robust worm. 25 to 
50 mm. long, with a globular swelling at the head end which is amu d 
with eight or more rows of thornlike hooks (Fig. 14. C). The mouth 
is bounded by a pair of fleshy lateral lips. Behind the swollen head 
the body is clothed with overlapping rows of toothed scales, which 
gradually dwindle away near the middle of the body. 

The natural hosts of this species are wild and domestic cats and 
less frequently dogs. The adults inhabit large tumors, sometimes an 
inch in diameter, in the stomach wall, which open into the stomach b 
one or more pores. Other species in the Orient occur ... the stomach 
of pigs, and one. C. nipiionicum. in esophageal tumors in a \er> high 
percentage of mink in Japan. In the United States Cspmigcrum has 
been reported rarely from mink; other species occur ... raccoons and 

opossums. . . . 

The stomach tumors may cause fatal pcriton.tis when as sometimes 
happens, they open into the body cavity. The seasonal occurrence of 
the parasites in cats, as seen by the senior writer in Calcutta, suggests 
that they may very commonly be fatal, for it seems impossible that 
the tumors could disappear completely soon after the worms had left. 

In 1925 Chandler found a high percentage of snakes near Calcutta 
to harbor larvae of Gnatliosloma, which, when fed to cats, developed 
first in the liver and subsequently invaded the stomach wall. Later 
Prommas and Daengsvang (1933) showed that Cyclops served as first 
intermediate hosts, and a few years later it was shown that when 
infected Cyclops are swallowed by fishes, amphibians, or snakes the 
larvae escape, invade the tissues, and become re-encysted in the flesh 
of these second intermediate hosts. Carnivores become infected when 
they eat these hosts, but not when fed Cyclops. In Thailand 92% of 
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frogs 80% of eels, and 30 to 37% of certain other food fishes in the 
markets were found to harbor larval gnathostomes. In southern Japan 
Miyazaki (1954) reported finding larvae in about 60 to 100% of a 
fresh-water fish, Ophiceplialus argus, in some parts; this fish is com- 
monly eaten raw by the Japanese. 

When ingested by man, Gnathostoma spinigerum larvae develop to 
morphologically mature worms, but remain sexually immature. Like 
many other helminths in a strange host, they fail to find their way to 
their proper destination, in this case the stomach wall. Instead they 
wander aimlessly in the body, usually in or under the skin, but some¬ 
times in the mucous membranes or viscera. Occasionally they blunder 
into the eye or even the brain. During their wanderings they most 
commonly cause migrating but intermittent swellings or edema, but 
sometimes a creeping eruption. Eventually they usually become 
encapsulated or escape through an abscess. 

Human gnathostome infections have long been known to be of 
frequent occurrence in southeast Asia, especially in Thailand. The 
senior author found eggs of the worm in presumably human feces on 
two occasions in Burma, so it is possible that the worm does occa¬ 
sionally mature in the human stomach. Since the end of World War II 
edema or creeping eruption caused by G. spinigerum was found by 
Miyazaki (1954) to be very common in southern Japan. In one 
report over one-third of 3900 patients examined were found infected. 
A single infection with a gnathostome of pigs, probably G. doloresi, 
has been reported from a man in Tokyo. A third species in Japan 
has apparently not found its way into humans. 

Tlielazia spp. These slender little worms, possibly more nearly 
related to the filariae than to the spiruroids. inhabit the conjunctival 
sac and lachrymal ducts of animals and occasionallv man. At times 
they creep out over the eyeball, later returning to their nest in the 
inner corner of the eye. T. caUipncda, primarily a parasite of dogs in 
Indi*\ Burma, and China, has been reported from man four times in 
China. T. californicnsLs , reported by Stewart from sheep, deer, and 
dogs in brushy, mountainous places in California, has been found in 
man twice. Other species are important parasites of the eyes of cattle 
and horses in some places; altogether nineteen species have been 
described from various mammals and birds. 

1 he female worms arc 7 to 19 mm. long, the males somewhat 
smaller. 1 he cuticle is pleated into well-defined striations with sharp 
edges; there are no lips, but there is a short vestibule (Fig. 147B). 
I In- vulva is anterior as in filariae. and the male has no caudal alae. 
Krastin (1950) showed that certain flies of the genus Musca which 
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cluster around the eyes of cattle sene as intermediate hosts for 
T. rhodesiy which is harbored by over 90'< of cattle in late summer 
in parts of eastern Siberia. 

By their movements the worms irritate the eye considerably, causing 
a free flow of tears and injection of blood vessels, and sometimes severe 
pain and nervous symptoms. At first the eye is not seriously affected, 
but Faust (1928) observed that in the course of time the repeated 
scratching of the surface of the eyeball by the serrated cuticle of the 
worm causes the formation of scar tissue, and the eye gradually 
develops a cloudiness, progressing outward from the worm nest, which 
ultimately reduces the vision. Cattle are sometimes blinded by a 
Thelazia in Africa and Asia. 

After the eye is desensitized with \ c /< cocaine, the worms are easily 
removed with a forceps or swab if seen, but several examinations are 
usually necessary in order to get a complete catch. 

Cheilospirurua sp. Africa and Garcia (1936) found a specimen 
belonging to this genus in a nodule on the conjunctiva of a Filipino. 
Members of this genus, so far as known, normally live under the lining 
of the gizzard of birds. It is another example of abnormal behavior 
in an abnormal host. 


SUBORDER CAMALLANATA. GUINEA WORMS 

(SUPERFAMILY DRACUNCULOIDEA) 

The superfamily Dracunculoidea, placed by Chitwood in the sub¬ 
order Camallanata, was formerly included with the filarial worms. It 
contains several genera of worms that are peculiar in the relatively 
enormous length of the female worms as compared with the midget 
males, and in the fact that during the course of their development the 
alimentary canal and vulva atrophy, leaving the body of the adult 
almost entirely occupied by the embryo-filled uterus. The embryos 
are liberated by the bursting of a loop of the uterus prolapsed through 
the mouth or through a rupture of the anterior end of the body. One 
genus, Philomelrn, contains parasites of the body cavity of fishes; the 
others, Dracunculus, Avioserpcns, and Microplcura, contain parasites 
of the connective tissues of mesenteries of reptiles, birds, and mammals. 
The guinea worm, Dracunculus medinensis, is a common human para¬ 
site in parts of Asia and Africa. Another species, D. insif’nis, is a 
parasite of raccoons in America, and occurs sporadically in mink, dogs, 
etc. The senior writer (1942) found D. insignis to be very common 
in tlie hind feet of raccoons in eastern Texas. The females closely 
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resemble the human guinea worm of the Old World except for their 
smaller size (up to 16 in. long), but there are minor differences in 
the males. Price has recently found other species in various wild 
mammals in Maryland. In the Old World guinea worm infections 
only rarely occur in animals, although dogs and other carnivores are 
susceptible. 

Dracunculus medinensis 

Occurrence and distribution. The guinea worm, Dracunculus 
medinensis (meaning the little dragon of Medina), has been known 
since remote antiquity, for one of its main strongholds is in the region 
of western Asia which cradled civilization. The "fiery serpents” which 
molested the Israelites by the Red Sea were probably guinea worms. 
It is still, as it was in ancient times, one of the important scourges of 
life from central India to Arabia, and it is locally important in the 
East Indies, Egypt, and central Africa. Stoll (1947) estimated that 
there are 48.000,000 human guinea-worm infections in the world. 
The disease is commonly associated with dry climates because of the 
concentration of water supplies in step-wells or reservoirs and the 
greater opportunity for Cyclops in the drinking water supply to 
become contaminated from human skin. In innumerable villages in 
central and western India up to 25% or more of the population suffer 
annually from guinea-worm infections. The human guinea worm 
became established in a few localities in tropical America but seems 
to have died out. 

Morphology. The gravid female worm, long the only form known, 
lives in the deeper layers of the subcutaneous tissues, where she 
usually can be seen lying in loose coils, like a small varicose vein, under 
the skin. Sometimes she is more easily felt than seen until she pro¬ 
duces a .skin ulcer through which she gives birth to myriads of 
embryos. She reaches a length, of 2.5 to 4 ft. with a diameter of 
i hi head end is bluntly rounded, and commonly 
ruptured in worn »ave begun expelling embryos. The tail is 

attenuated and sharply hooked. 

/'<Y'c l \'' ' V P riK, ‘ ( •*">' unknown until Moorthy and Sweet 
( < > 06 ) obtained them in experimentally infected dogs. Mature speci¬ 
mens measured 20 to 29 mm. in length and were found 15 to 20 
weeks after infection, but were not found when the gravid females 
were found in the skin at the end of 15 months. Males and young 

emales of similar size (Fig. 14S) have the simple mouth surrounded 
by papillae and have an esophagus about 10 mm. long; in the females 
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the vulva is a little anterior to the middle of the body The males 
have a spirally coiled tail with four pairs of preanal and sue ot 
postanal papillae, but no alae, and two nearly equal sp.cules O.o to 

0.7 mm. long. . 

Life cycle. When ready to bring forth her young, the guinea worm 

is instinctively attracted to the skin, especially to such parts as are 
likely to, or frequently do, come in contact with cold water such as 
the arms of women who wash clothes at a rivers brink or the legs and 





Fig. 148 . Dracunculu* medinensis, guinea worm. A. 
posterior end of immature 9 ; C. lip of tail of immature 
esses (muerones); D. tail of t, ventral view; E. tail of 
Moorthy, Parasitoi, 23, 1937.) 


anterior end of S; B, 
9. showing four proc- 
«$, lateral view. (After 


backs of water carriers. The worm pierces the lower layers of the skin 
with the front end of her body and excretes a toxic substance that 
irritates the tissues and causes a blister to form over the in,..red spot 
(Fig. 149). The blister eventually breaks, revealing a shallow ulcer, 
about as large as a dime, with a tiny hole in the center W hen the , 
ulcer is douched with water a milky fluid is exuded directly from tlu 
hole or from a very delicate, transparent projected structure which is 
a portion of the worm's uterus. This fluid is found to contain hordes 
of tiny coiled larvae with a length of about 600 one-third of which 
is occupied by the long filamentous tail (Fig. 150). 

An hour or so later a new washing with cold water will bring forth 
a fresh ejection of larvae, and so on until the supply is exhausted, 
a little more of the uterus being extruded each time. After each 
ejection of the larvae the protruded portion of the uterus dries up, 
thus sealing in the unborn larvae and saving them for the next douch- 
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ing. This procedure, of course, increases the chances of some of the 
larvae finding Cyclops- inhabited water. The whole process is one of 
the neatest adaptations in behavior in all the realm of biology, 


s.c. c.t.s. w. 
\ 



-b. m. 



Fig. 149. Diagram of guinea worm in the skin at the time of blister formation: 
b., base of ulcer; h.f., blister fluid; c.t.s., connective tissue sheath of worm; ex., 
layer of exudate; m., muscle layer; s.c.. sulxnitaneous tissue; u., extruded uterus 
of worm; tv., worm. (Adapted from Fairley.) 


'§ 




Fig. 150. Left, cross-section of guinea worm showing uterus filled with embryos, 
about v 30 (after Leuclcart). Hight, a Cyclop*. >ome species of which serve as 
intermediate hosts of guinea worm, about x25. 


enabling a blind, unmoditative, burrowing worm to give her aquatic 
Ctjclops-iti habiting fair chance in life even on a desert. 

She turns what would seem to be a hopeless handicap into an actual 
advantage. 

vVlu n all the young have been deposited under the stimulus of con- 
tael w ith water the parent worm shrivels and dies and is soon absorbed 
by the tissues. 
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The embryo worms, safely deposited in water, unroll themselves and 
begin to swim about. They remain alive for several days but eventu¬ 
ally perish unless swallowed by a Cyclops (Fig. 150). When this 
happens they burrow into the body cavity of the surprised Cyclops. 
reaching that destination in 1 to 6 hours. Moorthy never found a 
Cyclops with more than one larva in nature; when infected with more 
than four to five in the laboratory, development is interfered with. 
The senior writer never found more than two larvae of Draciinculus 
insignis to develop in experimentally infected Cyclops. 

The larvae molt twice in the body cavity and reach the infective 
stage within 3 weeks. At this time they vary from 240 to 600 /« in 
length, the tail now being short. After feeding infected Cyclops to 
dogs the first specimens were found by Moorthy after about 10 weeks; 
they were deep in the connective tissues and only 12 to 24 nun. long, 
although the vaginas of females 24 mm. long already contained a 
mucoid plug, indicating that they had already been fertilized. The 
worms appear to come to maturity in about 11 to 12 months alter 
infection. 

Epidemiology. In western India the infection is always associated 
with step-wells which, instead of being provided with buckets and 
ropes, are approached by steps, the people standing foot- or knee-deep 
in the water while filling containers. During this time the parent 
worm ejects her offspring, and at the same time previously infected 
Cyclops are withdrawn with the water. In African villages, ponds 


function in a similar manner. 

In an epidemiological study in the Deccan. India, almost no infection 
was found in children under 4. .but after that the incidence increased 
steadily to 85% in the 30- to 35-year age group, then gradually fell 
off again. There may be one to fifty worms per person but in most 
instances only one in a year. Few people suffer from infections lor 
more than 4 years, after which immunity usually develops. The 
worms form their ulcers on the legs in about 90'; of cases. 

Pathology. The first symptoms appear simultaneously with the 
beginning of the blister formation, and consist of urticaria, nausea 
and vomiting, diarrhea, asthma, giddiness, and fainting; some or all 
of these symptoms may be present. Fairley (1925) believes they are 
due to absorption of the toxin employed by the worm to form the 
blister. The symptoms strongly suggest an allergic reaction; injection 
of adrenalin brings about rapid improvement. Eosinophilia is marked. 

Later symptoms result from secondary invasion ol the ulcer by bac¬ 
teria. Tlie worms are usually mechanically extracted and, being 
elastic, are likely to break. The broken end of the worm draws back. 



508 Introduction to Parasitology 

carrying with it into its connective-tissue sheath various bacteria which 
produce abscesses. These may cause such severe infection as to neces¬ 
sitate amputation or may even lead to fatal blood poisoning. Joints 
are frequently involved, leading to permanent deformities. These 
occur with deplorable frequency in villages of the Deccan in India. 
There is some evidence that reinfections do not occur while an adult 
worm is still in the body. Most victims are incapacitated for several 
weeks; fortunately only a minority suffer permanent deformities or 
more serious consequences. 

Treatment. Most drugs used against guinea worms have proved 
to be of little or no value, often, in fact, harmful, since local appli¬ 
cations by natives after the ulcer has formed succeed only in causing 
secondary infections. Elliott (1942) reported excellent results from 
intramuscular injection of Phenothiazine emulsified in olive oil into a 
number of places close to the worm. Two to four grams of Pheno- 
thiazine can be injected at a sitting, with repetitions at weekly inter¬ 
vals; more than two courses are rarely needed. It takes 5 to 7 days 
for the drug to act; if a worm is being or is to be extracted, it is better 
to wait this long after injections. 

Extraction of the worm by winding it out on a stick is a time-honored 
method which, with a few scientific refinements, is still widely used. 
Native medicine men extract the worm through the ulcer by repeatedly 
dousing its head with water and then winding it out a little at a time. 
Care must be taken not to pull hard enough to rupture the worm; a 
safe extraction takes 10 to 14 days. If the ulcer is carefully treated 
with antiseptics, the worm can be withdrawn a little faster by exposing 
a loop and pulling it from both ends. Natives in India apply to the 
wound a green powder made of neem leaves, together with a choice 
assortment ot contaminating bacteria, and the unfortunate patient has 
to fight his battle with the bacteria instead of the relatively innocent 
worm. If he loses his leg or his life it is the will of the gods and 
no fault oi the doctor. Another native method is to apply a cone- 
shaped piece of metal over the exposed part of the worm and suck it 
v igorously until a negative pressure is created sufficient to draw the 
tissue up into the cylinder. The tongue is then applied and the 
uiger quickly substituted, and after a few minutes the worm may be 
lound in the tube. 

By '.lie use ot local anesthetics and aseptic precautions, mechanical 
extraction is usually successful, and complete healing may follow in 
less than a week, as contrasted with the usual month. 

Prevention. Prevention of the infection would be extremely simple 
if it were not for the scruples of the natives, often of religious nature. 
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as to where and how they obtain and use their water. In India 
wherever step-wells are replaced by other types which keep the legs 
or arms out of the water, guinea worm disappears. If the water were 
strained through muslin to remove Cyclops, guinea worm would dis¬ 
appear, but even this is objected to. However, education and govern¬ 
mental pressure eventually bring results, and many areas in India that 
have suffered from guinea worm for centuries have been freed in re¬ 
cent years by altering the wells. Moorthy has had some success in 
destroying Cyclops by treating wells with dilute copper sulfate and 
"perchloron,” and he reports that a fish. Borbus puckclli, feeds on them 
voraciously, but he emphasizes that abolition of step-wells is the only 
permanent and foolproof method of control. 
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Chapter 22 

INTRODUCTION TO ARTHROPODS 


To the average person it is 

their allies, constituting the phyI. » ^ 1 _ ^ ^ eolI> ,, ill0 d. It is 

than four times as many spec ns . • ,,. ,|i/e that this is not 

even more startling for egotistic.. (| ^ m;|1| js on i v beginning 

the age of man but the age ol ins« ■ of animal life in 

to dispute with insects for first pun 1 

* he world - . , |.I,K- or-ani/ed of invertebrate ani- 

The Arthropoda are the most h - ' w( , rms or annelids, i.e.. 

mals. Their nearest allies are t ^ , grcat advance over 

earthworms and leeches, but most , a sc( , mC nted type of 

their lowly cousins. like the ,c s ^ segments become 

body, though in some types, such as t u- no '' ' , arthropods are 

protected by an external skeleton nl0sl obvious distinguish- 

of sclerotized rings encircling the h"> , nec 0 f jointed append¬ 
ing characteristic of the arthropods is |c .nnae. internally they 

ages in the form of legs, mouth par ' || it ,, M . body cavity, so 

are distinguished from other invertc "a ' usurp( ,,i by a great 

conspicuous in the annelids has so , hat a large blood- 

expansion and running together ot > ” aCP „f tlie usual body 

filled space called a hemocoelc occupi*^ j ycss( ,| s a|K i a so-called 
cavity or coelom. Within this space a■■ ^ othcr vessels fused, 

heart, which retained their mdivictua ,he hemocoelc 

These vessels are not closed, however, but open 

at each end. 


Classification 

The phylum Arthropoda is divided 
but only four of these concern us as human parasi 
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mitters, namely, the Crustacea, the Arachnoidea, the Pentastomida, 
and the Insecta or Hexapoda. 

Crustacea. The Crustacea rival insects in their diversity of form 
and habits; included are well-known large forms such as crabs and 
crayfish; minute plankton forms such as copepods or water fleas; 
sessile barnacles; and terrestrial isopods (sowbugs). Primarily they 
are gill-breathing arthropods of water. They are geologically of great 
antiquity, and among them are the most primitive of the typical 
arthropods. Their appendages are usually numerous and, taking the 
group as a whole, show a wonderful range of modifications for nearly 
every possible function. 

The Crustacea include many parasites of aquatic animals, among 
them some very highly modified and bizarre forms. Most of the 
so-called fish lice belong to the subclass Copepoda, the North Ameri¬ 
can forms of which were dealt with by Wilson (1902-1922). The 
Cirripedia (barnacles) also include some parasites, among them the 
remarkable Sacculina, a parasite of crabs, which ends up as an external 
reproductive sac with a network of roots that ramify through the en¬ 
tire body of the host. A number of isopods and at least one amphipod 
(whale louse) have also become parasites. The biology of these 
crustacean parasites is interestingly discussed by Baer (1952). Small 
crustaceans serve as intermediate hosts of several worms parasitic in 
man and animals, namely, certain species of Cyclops for the guinea 
worm and for Ciuithostoma spinigerum; certain species of Cyclops and 
Diaptomus for the tapeworms Dibothrioccphalus and Spirometra; 
and Diaptomus for Hymcnolepis lanceolate of ducks. Crabs and cray- 
‘Mi (members of the order Deeapoda) serve as second intermediate 
hosts for the lung flukes, Paragonimus. 

Araclmoidea. The Arachnoidea, including spiders, scorpions, ticks, 
and mites (all belonging to the subclass Arachnida) represent the 
terminus of a separate line of evolution. They probably had a common 


origin with the Crustacea, but they have become adapted to terrestrial 


lile. The members of this class have four pairs of legs as adults, two 


pairs of mouth parts, and no antennae. The head and thorax are grown 
together, forming a ccphalothorax, and in the ticks and many mites not 
ev en the abdomen remains as a distinct section. The Arachnida breathe 


n\ means of book lungs.” or may have a system of tracheae similar to 
fhose found in the insects and myriapods. Some of the small mites, 
however, lack both book lungs and tracheae and respire through the 
cuticle. Only one of the eight orders of Arachnida. the Acarina (mites 
and ticks), contains parasitic species; many of these are important 
disease vectors. Some of the Arachnida are very poisonous, including 
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some scorpions and centipedes and certain spiders, especially the black 
widows, Latrodectes, and the skin-destroying Loxosceles laela of Chile, 
Argentina, and Uruguay. 

Pentastomida. The Pentastomida are degenerate wormlike crea¬ 
tures which in the adult stage have no appendages except two parrs 
of hooks near the mouth. If it were not for the lan-al forms wh.ch 
have two pairs of short legs, their affinities with the arthropods m.gh 
be doubted. They were formerly included w.th the rmtes for want of 
a better way of disposing of them. They have no circulatory or res- 
piratory organs. Like many of tire parasitic worms, they undergo their 

larval development in intermediate hosts. 

Insecla. The insects represent the zenith of invertebrate life. Tffi > 

are primarily terrestrial arthropods which breathe by ,ratlu ;‘ ^ J 
appendages however, are reduced to one pair of antennae (except ... 
Pro P tura wWch have none), three pairs of mouth prt. one■ prnr mor 
or less fused together), three pairs of legs, and usually two pairs of 
wings if not secondarily lost. Nearly all adult tab,are readdy 
divisible into three parts, the head, the thorax, and the abdomen. 

Insect morphology ami anatomy 

The cuticle. The cuticle of insects (Fig. 151) serves as an external 
supporting skeleton and as a place of attachment for m J 

very complicated structure made up of an extremely .1 ... out. 
of lipoid material, the epicuticle (Fig. 151B) -J- whud . a mo 
or less thick layer composed of cl.itin and protein; hr ouUr potu .. 
of this, the exocuticle, the protein is tanned and hard, whereas 
deeper portion, the endocuticle. the eh.t.n and untanned 
arranged in horizontal lamellae. Under the cndocut.de . a .ngle 
layer of epidermal cells. The exo- and endoeutu e are p^ovukd d, 
countless minute “pore canals.” sometimes over 1,000.000 per square 
millimeter, which are believed to be filamentous processes of the cp- 
dermal cells around which the cuticle was secreted 

The thin waxy layer of the epicuticle is responsible for the relate 
impermeability of the cuticle to water so that even insects with very- 
soft skins can survive in dry places. Since the cut.e e covers the ; 
and hindgut and the larger tracheae as well as the body surface. 
the midgut is not plated with this moist..re-consery.ng mater ak I he 
insect cuticle is freely permeable by lipo.e substances, which - of 
great importance in connection with such hpo.d-soh.Mc >>«■«», 
as the chlorinated hydrocarbons (DDT, etc., see P- 
solvents. 
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Movement and expansion are allowed for by thin, lightly sclerotized 
areas between rings or plates, except in the head and frequently the 
thorax. In the abdomen each ring has a dorsal plate or tergite and a 
ventral one or sternite (Figs. 194, 226). The thorax may also have 
lateral plates or pleurites. Since chitin is unaffected by alkalies, all 
the soft parts of insects may be dissolved away by treatment with 
potassium hydroxide, leaving all the cuticular characters, which are 
principally used in identifications, more easily examinable. 



Fig. 151. A, section of typical insect cuticle; D, detail of cpicuticlc, schematic; 
a, laminated cndocuticlc; /». cxocutidc; c. cpicuticlc; d, bristle; c, pore canals; 
■ . duct of dermal gland; g. basement membrane; /i, epidermal cell; i, trichogcn 
cell; k, tormogen cell; I. ocnocytc; m, haemocyte adherent to basement membrane; 
n. derm d gland; o, cement layer of cpieuticle; />, wax layer; q, polyphenol layer; 
s, p„re canal. (After Wigglcsworth, Biol. Revs., 23, 1948.) 


As arthropods grow they gradually become too large for their 
cuticlos. I he underlying hypodermis then lays down a new, thin, 
c iLiele tinder the old one. Certain cells produce a molting fluid 
i My dissolves the old cuticle, making it easier to shed after 
3 P ik t has bf -en formed in it. After the molt the new cuticle hardens 


anc^then gradually thickens again by formation of more chitin. 

i loach parts of insects. Incredible as it may seem, the mouth 
jclu of ail kinds of insects, from the simple chewing organs of a 
-o, ‘ . io the highly modified piercing organs of mosquitoes and 
cc i*ed sucking tube of butterflies and moths, are modifications of 


Single tundamcntal type which is represented in its simplest form 
iu the chewing or biting type, as found in grasshoppers and beedes 
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(Fig. 152). The mouth parts in these insects consist of an upper lip 
or labrum; a lower lip or labium bearing segmented lab,a palp,; a, pmr 
of mandibles or jaws; a pair of maxillae lying ventral 0 thc " ,an j bl “ e 
bearing segmented maxillary „a,„i. and with two d.stal pro sse ti e 
galea (lower in Fig. 152) and the laeinia; and the hypoplmynx on the 
floor of the mouth, through which the ducts of the sahvary glands 



, i • - Ihr labnim; mand., man- 

Hfl. lit. Primitive mouth parts of a ine of I.aiat segment, the stives, 
diblc; hyp., hypopharynx; max., maxi •. .. ||Uh | an d two distal parts, lateral 

to which the maxillary palpus |hc , aciuia ( black-tipped in figure); 

galea and a mandiblc-like inner or medial km* .j 1 aml faring the 

Ibm., labium, really a second pair of niax.lla. 
labial palpi ( lab.p .). 


open. In addition the 
sclerotized epipharynx; 


roof of the pharynx, under the labrum. has a 
this is often combined with the labrum to form 


a labrum-epiphanjnx. 153A) consist „f five parts; the 

tibia, and “ “"“fo) t 

leg »«h ,h„ body- « a 4 “ 

The femur and tibia are long segments ^ 

of a series of segments, most common y ve, o c j aws 

much the longest. Usually the tarsus is terminated by a pa.r of 
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but sometimes only one. Often there are padlike structures, pulvilli, 
which have glandular hairs or pores through which an adhesive sub¬ 
stance is excreted, permitting the insects to walk on the under side of 
objects. Sometimes there is a pul villus at the base of each claw and 
also a similar median structure between them, called an empodium 
(Fig. 153B). 



Fig. 153. Leg and wings of insects. A. leg; cox., coxa: font., femur; tors., tarsus; 
til)., tibia; tr., trochanter. B, foot, enlarged; c., claw: e., empodium; p., pulvillus. 
C, diagram of primitive tracheae of wing from which the veins are derived. D, 
venation of a mosquito wing showing a comparatively simple modification: c., 
costa; Sc. 1 “"dsulscosta. branches 1 and 2; RA *•*, radius, branches 1 to 5; 
A/. 1 ' •media, branches 1 to 4; Cu.««*”*2, cubitus, branches 1 and 2; 1A., 2A„ 
nd :*A., first to third anal; r., radial cross vein; s., sectorial cross vein; r.-m., 
lud.a-uicdial cross vein; in., medial cross vein; m.-cu., medio-cubital cross vein 
'.m.!dvcrtcntly omitted in mosquito wing). (A and B after Matheson. Medical 
nt ontology, Comstock. C after Comstock, Introduction to Entomology, Comstock.) 


'\ * n K s venation. The structure of the wings of insects is often 
- rc:,t ,,se in classification and identification. Only in a few primitive 
i)nb rs are the wings primarily absent, although in many forms, espe¬ 
cially parasitic ones, e.g.. lice and fleas, they are secondarily lost. 
I \ picalk there are two pairs of wings, borne by the second and third 
segments of the thorax. 

1 he wings originate as saclike folds of the body wall, but the upper 
and lower surfaces become applied to each other and thus they appear 
is simple membranes. Where they flatten down against the tracheae 
nollow supports or veins are formed. In most insects the majority of 
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the veins are longitudinal, but there are usually a few 
which in some kinds of insects are very numerous. F^mlSHC sho 
the hypothetical primitive arrangement of the venation of an insect 
wing but in many insects the modifications brought about by coales¬ 
ced. anastomosis, atrophy, and addition of extra branchesand «*- 
veins often make it as difficult as a Chinese puzzle to determine the 

true homologies of the resulting veins. The spaces 
called cells, are named after the longitudinal veins behind uh.ch they 
occur. Figure 153D shows the wing of a mosquito as an example of 
a comparatively simple modification. 


Fore-gut 


Mid-gut 


Hind-gut 



an. 


s . int. 


Fig. 154. Diagram of alimentary canal of an buclTcavity; car. 

to foregut, midgut. and rc ^ x cc ^ l; mouth; mJ.. Malpighian 

cardium; cr.. crop; cs.. csophag . py | onl<; reef., rectum, fdnf.. small 

***■ *— 

ogy, McGraw-Hill.) 

_ 1 . v The alimentary canal of insects (Fig. 154) has 

Internal anatomy. The ah men une al extent, namely, 

The pharynx u b ‘^ dsuC ^ ^ glands , which themselves lie 
suction pump. The,ducU « of ^ or in bloodsucking 

JrSTXSi to tlie tip of an elongated hypopharynx. 
The pharynx is followed by an esophagus, which ... some insects is 
expanded into a capacious crop and in some into a muscular proven- 
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triculus provided with chitinous teeth and serving the same function 
as the gizzard of a bird; in the mosquitoes three pouchlike food 
reservoirs are connected with the esophagus. 

The true stomach follows the proventriculus and is sometimes pro¬ 
vided with ceca that produce digestive juices; the stomach may consti¬ 
tute the entire midgut or it may be narrowed behind into a mid- 
intestine. The exposed cells of the midgut are protected in many 
insects by a delicate tubular membrane of cuticular material, the 
peritrophic membrane, secreted by cells in its anterior portion, but 
since this membrane lacks the epicuticular layer it is freely permeable. 
Enzymes may be liberated into the lumen either in vacuoles eliminated 
by the cells, or by disintegration of cells. The latter is important in 
the liberation of intracellular rickettsias into the lumen in lice. A 
number of slender Malpighian tubules enter at the posterior end of 
the midgut. These function as excretory organs, corresponding to the 
kidneys of vertebrate animals; they extract waste products from the 
blood, convert them into less soluble form, and pass them into the hind- 
gut, to be voided through the anus along with the feces. 

The hind gut in some insects has a distinct small intestine followed 
by a more expanded rectum , but in others there is only a rectum, which 
is lined by chitin. Some insects have an expanded anal pouch at the 
posterior end. 

The tracheae of insects constitute a ventilation system of air tubes 
ramifying all through the body even to the tips of the antennae and 
legs. They open by a series of pores along the sides known as spiracles. 
i he nervous system of insects is very highly developed. In some 
iccies the instincts simulate careful and accurate reasoning, and it is 
Mrult. not to fall into the error of looking upon them as animals 
e ndowed with a high degree of intelligence. 

Nearly all the spines and hairs on the body surface 
or insects are sensory end organs ( sensilla). These structures assume 
a variety of forms and serve many different senses. The simplest are 
ciliated setae which are stimulated by movement in the socket and 
thus serve as tactile sensilla. Some tactile sensilla are modified so 
i.mt they respond to pressure, body movement, or even sound vibra- 
non ~' | ’ 1 :U ina y exceedingly complex, as in mosquitoes, and 

mvc.vcd in the control of equilibrium in flight and in sound detection. 

Se : . Ha connected with a cuticular drum or tympanum are specifi¬ 
er liy associated with the detection of sound by insects. They may be 
etect on the legs or on the abdomen. These organs are frequently 
sensitive to sound frequencies above those detected by the human ear. 
Sensilla oi several kinds seem to be sensitive to chemical stimula- 
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tion. Organs of taste have been demonstrated in association with 
the mouth in many insects but also occur on the feet and antennae. In 
some insects contact chemical receptors occur in the ovipositor. 
Dethier (1957) has summarized elegant experiments on chemorecep- 

tion in insects. t . 

The compound eyes are the main visual organs of insects. They a e 
made up of a number of elongated light-refracting units, each having 
a light-sensitive structure beneath it. Each unit receives a fraction 
of the external light corresponding to the limited area at the eve sur¬ 
face. Vision is thus a mosaic of bundles of stimuli received by the 
units of the eye. Form and color can be perceived, but it is not 
feasible to compare this directly with human vision. Many ...sects 
also have simple eyes or ocelli which seem to be designed for light 
perception rather than image perception. In addition, some insects 
have light receptors on the body, but these have not been specifically 

identified. . . f . * 

Reproductive organs. The reproductive organs consist ol paired 

ovaries or testes with their respective oviducts or sperm ducts opening 
near the posterior end of the abdomen, usually on the ventral s,d«. 
Most female insects have a sperm,ill,ecu or storage sac for sperms 
for most kinds of insects mate only once, whereas the egg-lay.ng 
period may extend over a long time. In some insects e.g. the has. 
the shape of the chitinized spermatl.eca is a good identification char¬ 
acter. The eggs are fully formed with shells (chorion) before fert.l.za- 
tion; one or more minute pores, the micropyles. permit entry of sperms 
usually during passage through the vagina. Many insects have a 
ovipositor which may simulate a miniature saw. borer, or Pacing organ 
for depositing the eggs; this versatile organ may be. in the Hyme- 
noptera, modified into a sting. In the male the sperm duets unite o 
form an ejaculatory due,, the terminal part of which may be sclerot.zed 
and evaginated as an intro,,,ittent organ. Many male msec s have 
highly developed external (’em,alia in the form of caspers and acces¬ 
sory parts, details of which often provide valuable identification marks. 
Some species of Culex cannot be differentiated with certainty in any 
other way. (See Figs. 206 and 229.) 


Life History 

Most insects hatch from eggs deposited by the mother, but in some 
instances free young are born; in the hippoboscids and tsetse fl.es the 
eggs hatch before birth and the young arc retained and nourished in 
the body of the mother until they are ready for pupation. In these 
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cases only a few young are produced, but most insects lay large 
numbers of eggs, some all at once, some in batches at intervals, and 

others individually at short intervals. 

Three principal types of life history can be recognized among 
insects. In the primitive subclass Apterygota alone there occurs 
direct development , in which the newly hatched insect is almost a 
miniature of its parent and merely increases in size, continuing to 
molt periodically after becoming an adult. Among the higher insects, 
Pterygota, which are winged or secondarily wingless, the two common 
types of development are by incomplete and complete metamorphosis. 
Insects with an incomplete metamorphosis may differ more or less from 
their parents when hatched, but gradually assume the parental form 
with successive molts. There is no quiescent phase. The young or 
nymphs of such insects invariably lack wings and often have other 
characteristics different from their parents. 

Insects with a complete metamorphosis are usually totally different 
from the parents when newly hatched and do not assume the parental 
form gradually. The early stages of such insects, usually wormlike, 
are called larvae in distinction from nymphs of insects with an incom¬ 
plete metamorphosis. Upon completion of larval growth and develop¬ 
ment they go into a quiescent, more or less inactive stage, and are 
then known as pupae. The pupa may have no special protection, as 
in mosquitoes and inidges; it may retain the last larval skin as a pro¬ 
tecting case called the puparium , as in museid flies; or it may be 
encased in a cocoon of silk thread spun by the larva as a protection 
from the hostile world before going into its inummylike pupal state, 
as in fleas and many moths. 

\ithough apparently inactive, the pupal stage is frequently one of 
feverish activity from a physiological standpoint, for the entire body 
has to be practically made over. This transformation necessitates the 
degeneration of almost every organized structure in the body and a 
reformation of new organs out of a few undifferentiated cells left in 
the wreckage. The time required for this wonderful reorganization 
is sometimes amazingly short. Many maggots transform into adult 
flics in less than a week, and some mosquito larvae transform into 
perlect mosquitoes in less than 24 hours. 

The length of life of insects in the larval and adult stages varies 
greatly. The larval stage may occupy a small portion of the life, as 
in the case of many mosquitoes and flies, or it may constitute the 
greater part of it. Some mayflies, for instance, live the greater part 
of two years as nymphs, but they exist as adults not more than a few 
hours. As a rule male insects are shorter-lived than females. The 
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length of life of the female is determined by the laying of the eggs- 
when all the eggs have been laid the female insect has performed her 
duty in life and is eliminated by nature as a useless being. The result 
is the paradoxical fact that ideal environmental conditions shorten the 
life of these insects, since they facilitate the early deposition of the 
eggs. 


Classification of Insects 

The identification of insects is based mainly on three characteristics: 
the type of development, the modification of the mouth parts, and the 
number, texture, and venation of the wings. All bloodsucking insects 
have mouth parts adapted in some way for piercing and sucking but 
the types vary greatly in different groups. Many of the more thor¬ 
oughly parasitic insects, e.g., lice, bedbugs, and “sheep ticks, have 
secondarily lost their wings entirely or have them in a rudimentary 
condition. In the whole order of Diptera the second pair of wings 
is reduced to inconspicuous club-shaped appendages known as hat- 

teres. r , . . 

Not all entomologists agree on the division of insects into subclasses 
and orders. According to Boss (19.56) there are 28 orders of which 
5, including the proturans. springtails and "silver fish, are primitively 
wingless and are placed in a subclass Apterygota; all the others belong 
to the subclass Pterygota which have wings except when these are 
secondarily lost, as in such parasitic forms as lice and Heas. 

Many of the orders of insects comprise small or little-known groups. 
There are six "big" orders, members of which are known to every¬ 
body, These are (1) Orthoptera. the grasshoppers, crickets, etc.; <-) 
Hemiptera, the true bugs, aphids, etc.; (-3) Coleoptera. the beetles; 
(4) Lepidoptera. the moths and butterflies; (5) Diptera. the flies, 
mosquitoes, etc.; (6) Hymenoptcra. the bees, wasps, and ants, im¬ 
portant parasites and disease vectors of man and animals are found in 
two of these big orders, the Hemiptera and the Diptera. but others arc- 
found in small orders, the Siphonaptera or fleas, the Anoplura or suck¬ 
ing lice, and the Mallophaga or chewing lice (bird lice). These two 
groups of lice are considered by many entomologists as suborders ol 
one order. Phthiraptera. The characteristics of these five orders con- 
taining parasites are briefly as follows: 

Hemiptera: metamorphosis incomplete; mouth parts fitted for piercing 
and sucking, the piercing organs being enshcathed in the jointedI kiln un 
and folded under the head: in the suborder Hetcroptera; first pair of wings 
unless reduced, leathery at base and membranous at tip; second pair ol 
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wings, when present, membranous with relatively few veins. Parasites: 
bedbugs, conenoses, kissing bugs. 

Anoplura: metamorphosis incomplete; wings secondarily lost; body 
flattened, the thoracic segments more or less fused; legs short, the tarsi with 
only one or two segments, adapted for clinging to hairs of the host; mouth 
parts highly modified, adapted for piercing and sucking. All parasitic on 
mammals: sucking lice. 

Mallopliaga: similar to Anoplura except mouth parts fitted for chewing, 
being reduced to a pair of mandibles, and thorax as narrow as or narrower 
than the head, with not all the segments fused as much as in Anoplura. 
Parasitic on birds and mammals: biting or “bird” lice. 

Siphonaptera: metamorphosis complete; mouth parts fitted for piercing 
and sucking, the piercing organs being ensheathed in the labial palpi and 
part of the maxillae modified as holding organs; wings secondarily lost. 
Parasites: fleas, chiggers. 

Dipteru: metamorphosis complete; mouth parts fitted for piercing and 
sucking, for sucking alone, or rudimentary; first pair of wings (absent in a 
few species) membranous with few veins; second pair of wings represented 
only by a pair of club-shaped organs, the halteres. Bloodsuckers: sandflies, 
mosquitoes, blackflies, tabanids, homilies, stableflies, tsetse flies; parasites: 
Pupipara, maggots. 


Arthropods as Parasites and Bloodsuckers 

Degrees of parasitism. All gradations exist between arthropods 
that are strictly parasitic throughout their lives, e.g., itch mites, hair 
follicle mites, and lice, and species that are purely predatory, existing 
entirely apart from their living restaurants except when actually feed¬ 
ing. e.g., mosquitoes, tabanids. Close to the strict parasite end of the 
series are the ixodid ticks and some adult fleas, which only intermit¬ 
tently leave their hosts. Somewhat farther removed are the bedbugs, 
ti iatomids, argasid ticks, and other adult fleas, which not only attend 
to their reproductive functions off the host but also leave to take their 
after-dinner naps; these forms, however, are normally inhabitants of 
the nests or habitations of their hosts and may be looked upon as para¬ 
sites of the homes. Fleas are parasitic only as adults; certain mites 
and flies, only as larvae. 

hfleets of bites. The effects produced by arthropod bites are 
brought about mainly by direct or indirect reactions to the salivary 
secretions. Many insects in biting create a subcutaneous pool of blood 
from which they suck instead of directly from a capillary. This results 
in most parasites that are transmitted being locally deposited in the 
tissues, and not directly in the circulation (Gordon and Crewe, 1948). 
People commonly show immediate and delayed reactions to bites; the 
former reaction is due to prior sensitization and eventually may disap- 
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pear as immunity develops, but the delayed reaction is due to slow- 
acting toxic substances in the injected saliva and usually disappears 
after repeated exposures before the immediate react.on does. The 
usual effects are local redness and swelling, with varying degrees of 
itching and sometimes pain, resulting in restlessness and loss of sleep 
Allergy an.l immunity. The susceptibility of different individuals 
to the toxic effects of insect bites varies widely and is certainly depend¬ 
ent to a considerable extent upon sensitization. The reaction to the 
bites of particular arthropods before sensitization has developed may 
be very painful immediately (e.g., those of tabamds and recuvnds) 
or may slowly become extremely irritating over a period of hours or 
even days (e g., those of redbugs and blackflies). or may be practically 
unnoticed (e.g., those of itch mites and lice) until after sensiUzation 
has developed (see pp. 29 and 30). Sometimes, as ... bitesiol: sandflies 
and fleas, a papule appears after a week or two. probably due to lo - 
acting toxic substances in the saliva. After subsequen he 

papules appear sooner and larger, arc more inflamed and irr.t*mg 
anil eventually the whole area around the bites may become inflamed 
and swollen, and old bites are reactivated. Eventually, swth n c. s- 
ing sensitization an immediate reaction appears ,n the form of a shea 
and at long last, maybe after many years. d«ens,t.zat.on des elops and 
the bites again pass unnoticed. During the period o ^en -ti^t.on 
such generalized allergic symptoms may appear as urtiMna, . 
fatigue, restlessness, and a rotten disposition! Sometiines ime , 
the unthriftiness commonly seen in animals heavily infest«lw h ecto¬ 
parasites is more the cause of the heavy ectoparasite burdenthan ^ 
result of it (see p. 30). Some parasites produce spcnal tot 
such as the paralysis produced by certain ticks (see p. 585) and 

blue spots caused by crab lice wri ,er has seen in,,,.- 

Immunity is an important lauor. , ... r 

merable newcomers to Texas, including himself, who snared into er- 
ably from redbug bites -luring the first season or two of ensure 
them, but who gradually became more and more immune to them I 
New Jersey it is a common experience for people from inland to suffer 
far more severely from salt-marsh mosquitoes while vacationing on , 
coast than do the residents, whereas pcop e from the coast reac su m 
larly to the inland species of mosquitoes. Cherney Wheeler, and 
(1939) called attention to the fact that California fleas do not usually 
encroach on the comforts of the local population but are a source of 
great misery to newcomers for several months to several years. 

Trager (1939) found that guinea pigs previously exposed to bites ot 
larval or nymphal ticks developed so much immunity that larval ticks 
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were incapable of feeding on them at all, and nymphs were unable to 
feed to repletion, owing to such rapid cellular reaction to the bites that 
the parasites were cut off from their food. Persons susceptible to flea 
bites react positively to injection of flea extract, whereas immunes 
react negatively; most susceptible persons immunized by injections of 
the flea extract either become oblivious to fleas or are much less an¬ 
noyed by them. Some retain their immunity several years, others for 
only a few weeks. Immunized persons are not actually ignored by the 
fleas, but are unaware of their bites. 

Although acquired immunity plays a large part, there appear to be 
some true instances of distastefulness of individuals to insects, based on 
some difference in skin metabolism which is not yet understood. One 
instance has been recorded in which a man’s skin was highly toxic to 
ticks. Riley and johannsen report a case of two brothers who volun¬ 
teered to act as feeders for some experimental stock lice; the lice fed 
greedily on one but absolutely refused to feed on the other, even when 
hungry. This matter of natural repellance to arthropods needs further 
investigation. 

The effect of diet on ectoparasites is a disputed question. Most 
observers have seldom seen healthy, well-fed animals swarming with 
fleas, lice, or mites, though this is often seen in sick, poorly nourished 
animals. Kartman (19191, however, obtained some evidence indicat¬ 
ing loss of parasites in animals on inadequate diets. There is probably 
an interplay of several factors—need of the parasites for vitamins, 
ability of the host to develop immunity, and activity in picking or 
nipping the parasites. 


Arthropods as Disease Transmitters 

Important as arthropods sometimes are as parasites or bloodsuckers, 
it is in their capacity as carriers of germs or as intermediate hosts of 
other parasites that they have to be reckoned with as among the fore¬ 
most of human foes. Since the beginning of the twentieth century 
many of the most important human and animal diseases have been 
shown not only to be transmitted by arthropods but also to be exclu¬ 
sively transmitted by particular genera or species. In addition, there 
are a number oi other diseases, such as yaws, pinkeye, Q fever, tulare¬ 
mia. and anthrax, in which arthropods play an important but not 
exclusive role, and still others, such as many bacterial, protozoan, and 
helminthic infections of the digestive tract, in which they play a minor 
but not a negligible part. 
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Mechanical transmission. The simplest method of disease trans¬ 
mission by arthropods is indirect mechanical transmission, in wluch the 
artliropods function as passive carriers of disease agents, picking them 
up on the bodies or in the excretions of man or animals and depositing 
them on food. The importance of any particular species of arthropod 
depends on the degree to which its structure and habits facilitate such 
transportation. Prominent among these indirect mechanical transmit- 
ters are houseflies and roaches. 

Slightly more specialized is direct mechanical transaction, in wh.ch 
the insects pick up the germs from the body of a diseased md.v.dua 
and directly inoculate them into the skin sores, wounds, or blood oi 
other animals. Biting flies, such as tsetse flies. Stomoxijs and tabamds 
transmit blood diseases in tins manner, e.g., anthrax, fowl pox. and 
some animal trypanosomiases. Flies that feed on sores or wounds, 
such as eye flies and many muscids, transmit skin or eye diseases, e.g., 
yaws, trachoma, and Oriental sore. In most of these cases the organ¬ 
isms do not live for more than a few minutes to a few days in the 

^Biological transmission. When an arthropod plays some further 
part in the life of the parasite or germ than merely allowing it to hitch¬ 
hike, and multiplication or cyclical changes or both take P ,acc N ' ' t *‘ n ' 
its body the process is called biological transmission. Hull (U31) 
proposed a classification of different types of biological transmission 

as follows: 

1. Propagative: the organisms undergo no cyclical changes but they mill- 
tiply as in culture tubes. Examples: plague, yellow fever. 

2. Cyclopropane: the organisms undergo cyclical changes and mul¬ 
tiply in the process. Examples: malaria, trypanosomes. , 

3. Cyclodevelopmental: the organisms undergo developmental changes 
but do not multiply. Examples: filariae. guinea worm. 


To these we add: 

4. Paratenic or Transporting (including vertebrates as well as arthro¬ 
pods): the organisms invade and often become encysted ... some host, spe¬ 
cific or nonspecific, after developing elsewhere, and are transported by this 
host to the final host. Example: SytiRamus. 

Transovarial transmission. Transmission of disease agents to off¬ 
spring by invasion of the ovary and infection of the eggs, often loosely 
called "hereditary” transmission, is characteristic of artluopod infec¬ 
tions where a state of almost perfect adaptation of parasite and host 
has been reached. It is especially frequent in mites and ticks, which 
transovarially transmit some Protozoa, tularemia bacilli, riekettsias. 
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relapsing fever spirochetes, and some viruses. In Texas fever (see 
p. 595) and scrub typhus (see p. 553), transovarial transmission is a 
necessary part of the mechanism of transmission. Not many insect- 
borne infections are thus passed on from generation to generation, 
though some viruses may be. 

Airplane dissemination of arthropods. Many domestic arthro¬ 
pods, or parasites on man, rats, or domestic animals, succeeded in 
making this “One World" for themselves in bygone days of slow boat 
travel. The airplane has made this a possibility for many more. Even 
if stowaway arthropods do not become established in their new sur¬ 
roundings, they may live long enough to pass diseases they may carry 
to local vectors or reservoirs. 

Two unpleasant possibilities exist: (1) the introduction of more effi¬ 
cient vectors for diseases already in existence, e.g., A. gambiae to 
Brazil; (2) the introduction of new diseases with vectors or reservoir 
hosts. Ticks shipped from South America have arrived in this country 
harboring three different diseases not now known in America, and mos¬ 
quitoes and ticks from Russia successfully carried with them an 
encephalitis virus. One shudders to think of the consequences if a 
yellow fever-infected mosquito were landed in India or China. 

The only protection is very strict regulation of fumigation of air¬ 
planes from foreign countries. If the world is to be made safe from 
arthropod as well as human invaders in the future, these precautions 
will have to be used with the utmost care, for international air traffic 
is constantly expanding. 


Insecticides and Repellents 

Insecticides. Some insecticides, such as hydrocyanic acid and 
methyl bromide, are as toxic to vertebrates as to arthropods, which 
limits their uses, whereas others, such as pyrethrins and rotenone, are 
practically harmless in the amounts used. The chlorinated hydrocar¬ 
bons (CIIIC) and organic phosphorus compounds (OPhC), developed 
during and alter World War II, are relatively much more toxic to 
arthropods than to vertebrates, but vary somewhat in this respect. 
Some ol these newer chemicals, because of their slow deterioration, 
have long-lasting residual effect which may make surfaces treated by 
them lethal for weeks, months, or even a year. They have revolution¬ 
ized insect control by chemicals. Disadvantages are their toxicity to 
man if carelessly handled, tendency to accumulate in milk, meat, or 
fat when applied to animals, and most unfortunately the tendency of 
arthropods to develop resistance to them. 
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Of the older inorganic insecticides, the deadly hydrocyanic acid and 
sulfur dioxide are still used as fumigants in emergencies, e.g„ to kill 
both rats and fleas in a plague outbreak. Nicotine sulfate painted on 
roosts (1 pint per 200 ft.) and sodium fluoride or fluoro-silicate in dips 
(1 ounce per gallon) or as dusts applied as pinches are still used 
against lice and mites on poultry, though they have been largely super¬ 
seded by rotenone or C1HC or OPhC dusts. Arsenic (As-O.i) in 
0.175 to 0.19% solution is still useful in dips to kill ticks on cattle, espe¬ 
cially when the ticks have developed resistance to other insecticides. 

Rotenone and pyrethrins are the only important insecticides derived 
from plants. Rotenone, a resin, is the active principle (5'i ) in pow¬ 
dered roots of Dcrris or Lonchocarpus (cube), first known as fish 
poisons. Pyrethrins are oil-soluble esters extracted from the powdered 
flower heads of certain species of Chrysanthemum. They are non¬ 
volatile, but arc unstable and so have no residual effect. The addition 
of certain synergists, especially pipcronyl butoxide or sulfoxide at a 
rate of 10:1 enhances the toxicity of pyrethrins and slows down their 
deterioration. Pyrethrins arc absorbed only through the cuticle. Even 
very small amounts paralyze insects and thus give a quick knockdown, 
but large amounts are required to kill them. 1 hey are practically non¬ 
toxic to warm-blooded vertebrates. There is a related synthetic com¬ 
pound, allcthrin, but this is less effective than synergized pyrethrins. 

Of the ClIIC the first to come into use and the one still used most 
extensively is DDT. but there are numerous others. These include 
several analogues of DDT, especially methoxychlor. which has a spe¬ 
cial advantage for use on dairy cattle because it does not accumulate 
in milk. Others widely used are dieldrin. benzene hexachloride 
(BHC), chlordane, and toxaphcnc. Dieldrin is many times more toxic 
to most insects than is DDT, and also has less tendency to repel them. 
BHC and chlordane have special value, e.g., when used on absorbent 
surfaces of mud houses in the tropics, because they are slowly volatile 
and so have continued fumigant action from under the surface. Com¬ 
mercial grades of most of the ClIIC (and OPhC also) contain at least 
80 to 85% active ingredients, but B1IC only about 13%, since only the 
gamma isomer is actively insecticidal. This isomer is obtainable in 
practically pure form and marketed as “lindane " or “gammexane. ’ 
All the ClIIC act primarily on the central nervous system, causing slow 
paralysis, but the exact mechanism of action is unknown. 

The OPhC, at first used mainly for agricultural pests, are in general 
more toxic to vertebrates than the C1HC, but are coming into more 
and more extensive use as larvicides in water or in manure, as space 
sprays, in baits, impregnated cords, etc., used against adult houseflies. 
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The most extensively used OPhC are malathion, diazinon, dypterex, 
and chlorthion, and the more toxic parathion for agricultural pests. 
These compounds act primarily as inhibitors of cholinesterase, permit¬ 
ting acetylcholine to accumulate. 

Both the C1HC and OPhC are absorbed through the stomach as well 
as the cuticle, and are commonly ingested when the insects groom 
themselves to remove the clinging crystals or powder. Different insects 
vary in their susceptibility to these insecticides either in general or to 
particular ones, and also in their ability to develop resistance (see 
below). Mosquitoes, of the Culex pipiens group, for instance, are 
considerably more resistant to most insecticides than are Aedes or 
Anopheles , and triatomids and many ticks (e.g., Ornithodoros mou- 
hata) are more resistant to DDT than to the other C1HC. 

Formulations and dosages. All the organic insecticides are soluble 
in oils but only slightly so in water. They are prepared for use as 5% 
(or less) solutions in oil; as 20% emulsifiable concentrates (usually in 
xylene), or as 50% wcttable powders (25% for some OPhC) for aque¬ 
ous emulsions or suspensions; or as dusts. Application may be as 
residual sprays, dips, dusts, granules, volatile fumigants, or pellets, 
aerosols, fogs or smokes, or internally by injection or in food. There 
are also specialized methods for particular purposes, such as additions 
of concentrates to running water for blackfly larvae, oil films for mos¬ 
quito larvae, wet or dry sugar baits or impregnated cords for house¬ 
flies. and automatic "do-it-yourself" back rubbers and treadle sprayers 
for biting Hies on cattle. 

In general the concentrations employed for dusts are about ten times 
those for sprays, and for dips one-half to one-tenth as much. The 
usual concentration of the CIHC and OPhC sprays on animals is 0.5%, 
but dieldrin can be used in about one-fourth this concentration, and 
lindane one-tenth. Pvrcthrin sprays, having no residual effect, are used 
mainly on animals, usually 0.1% plus 1% synergist, but one-fourth of 
this suffices tor lice. Enough to wet the coat (1 to 2 quarts per cow) 
is required. For residual sprays on surfaces of houses, bams, etc., 
application at a rate just short of run-off is best. At the usual rate of 
about 1 gallon per 1000 sq. ft. the recommended dosages of 200 mg. 
per sq. ft. of DDT. 40 to 50 of dieldrin, and 20 of lindane are obtained 
by using 5%, 1%, and 0.5% sprays. However, ticks and triatomids 
require more. In some situations, local applications by brushing on 
may be better than general spraying. For aquatic larvae about 0.05 
to 0.1 lb. per acre of DDT or 0.025 of dieldrin is desirable, applied as 
a solution in 1 gallon of fuel oil. but where fish need not be considered 
1 lb. per acre may give control for as much as a year. 
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Suspensions made from wettable powders with a particle size of 10 M 
or less are most satisfactory for general use. The solutions and emul¬ 
sions have disadvantages in greater absorption and in forming large 
recumbent crystals when the solvent evaporates instead of fine erect 
crystals that are more readily picked up by insects. Much depends 
on the nature of the surface, particle size, accompanying substances, 
etc (see p. 534). Also the situation is different with BHC which is 
more effective if absorbed (not too deeply) because of the longer- 
lasting fumigant effect. For dips either suspensions or emulsions can 

be used. , , 

For dusts C1IIC and OPhC and sometimes rotenone are diluted with 

pyrophyelite, talc, or other inert substances. The inert particles tend 
to stick to and abrade the cuticle, and the insecticides dissolve in the 
lipoids of the epicuticle <p. 519), thus facilitating outward passage of 
water and inward penetration of the insecticide. Dusts are used for 
many outdoor applications, e.g.. preflood treatment of rice fields; un¬ 
derclothing for lice; in ratruns and bait boxes to kill fleas; on animals; 
in poultry houses; as pinches applied to chickens, etc. 

To kill aquatic larvae (mosquitoes. Culicoides , tabaiuds, etc.) in 
swamps, marshes, rice fields, etc., where there is heavy vegetation and 
the water is shallow, granules (30 to 60 mesh), composed of bentonite, 
clays, or tobacco by-products, with insecticides incorporated, are more 
effective and longer lasting than sprays. Two lb. per acre of 5 r 
dieldrin granules is sufficient in rice fields. Pellets (10 grams ) of sand 
and cement (5:1) impregnated with 16'; by weight of dieldrin or lin¬ 
dane are excellent against mosquitoes in some situations (see p. 760). 

Space sprays indoors are designed to give immediate kills with little 
or no residual effect; these are used extensively where residual insec¬ 
ticides are undesirable, as in food-processing plants, restaurants, ships, 
planes, etc. Combinations of CIHC (aq. 3',', DDT) and pyrothrms 
(0.4%) are commonly used; dispensed as kerosene solutions in hand 
sprayers, or preferably oil solutions dissolved (15%) in freon (85'. ) 
under pressure and released from aerosol "bombs. The freon imme¬ 
diately evaporates liberating the insecticide in minute particles 2 to 
10 p in diameter, as compared with droplets 5 to 150 in diameter 
from atomizers. The fine particles float in the air and permeate every 
crevice. In vaporizers lindane is used almost exclusively. 

For outdoor use there are various devices for producing fogs, thermal 
aerosols, smokes, etc., usually dispensed from ground vehicles or with 
the exhaust from planes (see Davidson, 1955). They may be used 
for protection of outdoor gatherings, or in barrier strips a few 100 It. 
wide lo protect camps, etc. 
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Attempts have been made with some success to get action of insec¬ 
ticides from within by adding them to feed or injecting them under 
the skin (see Lindquist and Knipling, 1957). It may be useful during 
outbreaks of anthrax, etc., against biting flies. Phenothiazine in salt, 
also used for intestinal nematodes, reduces warble infestation. 

Resistance. A serious drawback to the use of chemical insecticides 
is the ability of arthropods to develop resistance to them, sometimes 
to the extent of complete immunity, as micro-organisms do to chemo- 
therapeutics. From the standpoint of resistance, the C1HC fall into 
two groups—DDT and its analogues on the one hand, and dieldrin, 
BHC, chlordane, toxaphene, etc., on the other. Resistance to one 
group does not entail resistance to the other, though this may develop 
more quickly. The OPhC form a third group to which houseflies, 
mosquitoes, and a few other insects have thus far developed resistance. 
No appreciable resistance has developed to the pyrethrins or allethrin, 
and none to the synergist, piperonyl butoxide. 

Some insects, and particularly houseflies, are far more prone to 
develop resistance than are others, but some degree of resistance to 
some of the CHIC has been developed by nearly all arthropods of 
medical and veterinary importance, but usually in localized areas in 
various parts of the world. 

Much research has been done on the nature of insecticide resistance. 
The resistance is not due to adaptation by exposure to the chemicals, 
but to natural selection and reproduction of resistant individuals when 
the susceptible ones are killed. The resistance is sometimes controlled 
by a single pair of recessive genes that are already there, though 
resistance to DDT is controlled by a different pair of genes than that 
to the other C1HC. Resistance to DDT is largely due to presence of 
an enzyme that converts it into nontoxic DDE inside the body. This 
conversion is strongly inhibited by piperonyl cyclonone, which there¬ 
fore acts as a synergist enhancing the effectiveness of DDT. When 
a chemical to which resistance has developed is withdrawn from use, 
susceptibility gradually returns. Behavioristic resistance also has been 
reported, when insects refuse to alight on treated surfaces. 

Repellents. 1 housands of chemicals have been tested to make skin 
or c lothing obnoxious to biting arthropods, but only a few pass the 
criteria of being effective and long-lasting without being toxic, irritat¬ 
ing, or sensitizing; injurious to clothing; or objectionable to the nose. 
Some of these, either alone or in mixtures, give protection as skin 
repellents for several hours and on clothing for several days or weeks 
even, iu some cases after several washings. No repellent is equally 
effective against all kinds of arthropods, so mixtures are commonly 
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made to try to get as wide a coverage as possible. Some of the best 
individual chemicals are diethyltoluamide, diethylbenzamide, indalone 
ethyl hexanediol (Rutgers 612), dimethyl and dibutyl phthalate, 
dimethyl carbamate, and benzyl benzoate. The last four are toxicants 
as well as repellents against mites and ticks. For use on the skin 
the repellents are dispensed as liquids, or pressurized sprays, com¬ 
monly diluted 50% or more with alcohol. They can be sprayed or 
rubbed on clothing, or outer clothing can be impregnated by wetting 
with the repellent dissolved in dry-cleaning fluid; soaking in an 
emulsion (5 tablespoons to 3 pints water and l'i tablespoons of 
soap or Tween 80), wringing and drying; or (for redbugs, ticks, and 
fleas) by the barrier method—merely applying solutions to socks or 
stockings and to trouser cuffs (and other openings if you sit or lie 
down). All the repellents affect paints, varnishes, and some plastics, 
and are injurious to rayon but not cotton, wool, or nylon clothing, 
but "612" and diethyltoluamide less so than the others. 

Diethyltoluamide is the best known repellent for mosquitoes, biting 
flies, and fleas, both for skin and clothing applications; it is effective 
for the longest time on the skin, and is most resistant to wiping olf. 
on the skin, and to rinsing, on the clothing. According to Traub it 
gives solid protection against mosquitoes in Malaya for at least 4 hours 
even when the attack rate is extremely high. For redbugs it lasts 
longer but is more easily washed out than the standard army repellent. 
M1960, and it is a little less effective against ticks (Ambltjomma 
americanum at least). All the repellents have their period of effective- 
ness cut in half by profuse sweating. 
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Chapter 23 

THE ACARINA (MITES) 
AND PENTASTOMIDA 


ACARINA (EXCEPT TICKS) 

Ararinn in general. The order Acarina of the class Arachnida 
includes a large number of species commonly known as mites or ticks. 
Most of them arc very small, some barely visible to the naked eye, 
but some of the ticks reach half an inch or more in length. The ticks, 
although constituting only one of the five suborders of Acarina, are 
distinct and important enough to warrant special consideration in a 
separate chapter (24). 

There is a great variety of body form in the Acarina, some appear¬ 
ing quite grotesque. The majority are more or less round or oval, 
without division into head, thorax, or abdomen, but some have a 
suture dividing the body into anterior and posterior divisions 
(Kig. 159). Many have dorsal or ventral plates to reinforce the 
cuticle. There is no true head, but the mouth parts are borne on an 
anterior part that is usually rather distinctly set apart, called a gnatho- 
soma or capitulum. There are two pairs of mouth parts, the chelicerae 
and the pedipalps or palpi (Figs. 160, 16S). The chelicerae usually 
end in little pincers made up of a movable and an immovable digit, 
but they may be modified into needlelike structures, as in Dermanyssus , 
or in other ways. The palps usually consist of four to six segments, 
sometimes modified as a thumb-and-daw. In the ticks the ventral 
wall of the gn.ithosoma is elongated between the palpi and armed 
with recuned teeth (Fig. 16S). In the first or larval stage there are 
only three pairs of legs, but after the first molt when the mite or 
tick becomes a nymph, a fourth pair of legs is acquired. The legs 
typically consist of six or seven segments called the coxa, trochanter, 
!om,,! 1 sometimes divided), genu, tibia, and tarsus. The tarsi usually 
bra< claws and often a suckerlike caruncle, sometimes on long stalks 
(Fig. 155). 


540 
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Many Acarina have pouches on the midgut which give them great 
food capacity; a well-fed female tick gets so distended that she looks 
more like a bean than an arthropod. For breathing, many mites have 
tracheae which open by one to four pairs of stigmata or spiracles. In 
the Mesostigmata and ticks the adults have only one pair, situated near 
the third coxae (Fig. 170). and in the Mesostigmata there is a 
sclerotized plate or peritreme leading forward from each spiracle. 
In the Prostigmata the spiracles are on or near the gnathosoma, 
whereas in the Sarcoptiformes there are either no spiracles (or 
tracheae) or many inconspicuous ones. 

The anus opens on the ventral surface of the abdomen; in most 
mites, hut not all, the genital openings are anterior to it and are 
closed by specialized plates. Usually there are morphological dif¬ 
ferences between the sexes, but sometimes the sexes are not easily 


distinguished. 

Many mites are free-living and prey upon decaying matter, vegeta¬ 
tion, stored foods, and the like; some are predaceous and feed upon 
smaller animals; some are aquatic, even marine; and many are para¬ 
sitic on other animals during all or part of their life cycle. Some of 
these rank among the most important disease vectors, and some 
function as intermediate hosts of protozoans or helminths. 

Life history. There are usually four stages in the development of 
mites and ticks: the egg. the larva, the nymph, and the adult (see 
Figs. 176, 177). The eggs are usually laid under the surface of the 
soil or in crevices or. in some parasites, under the skin of the host, 
but some species are ovoviviparous. After a varying period of incu¬ 
bation the larva hatches in the form of a six-legged creature, often 
quite unlike the parent. After a single good feed, or in many species 
without one, the larva molts and becomes an eight-legged nymph. 
In most parasitic Acarina except ticks (see Chapter 2-1) this proto¬ 
nymph, after a blood meal, molts and becomes a dcutonymph. which 
may or may not feed again before becoming an adult. No molting 
occurs after the adult stage is attained. There may be additional inter¬ 
mediate stages, and some mites have specialized devices for dispersal; 
the larvae may parasitize hosts that transport them, c.g., trombiculids 
on vertebrates (p. 550) and trombidiids. and some water mites on 
insects, or they may merely hitchhike on insects, e.g., the grain mites 
(p. 559). 

Some mites have become adapted to live as internal parasites in 
the lungs and air sacs of snakes, birds, and mammals, and there are 
records of mites which are not normally parasitic at all living and 
multiplying in the human urinary bladder; but all the species normally 
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infesting man are either external or subcutaneous in their operations. 

Classification. Baker and Wharton (1952) in a modification from 
the classification of Vitzthum (1940-1942), classify the Acarina as 
follows: 

Suborder Onchopalpida. Palpi with claws as on legs; 2 or more pairs of 
stigmata on body. Contains no parasitic forms, although a species 
of Holothyrus in Mauritius is said to secrete a poison that may 
cause death of ducks and illness of children. 

Suborder Mesostigmata. Body well-chitinized, with dorsal and ventral 
plates; gnathosome small, anterior; 1 pair of lateral stigmata near 
third coxae, each with a sinuous, chitinous peritreme leading for¬ 
ward; tarsi usually with claws and caruncles. Contains several 
families of interest: 

Halnrnrhnidac, including parasites of respiratory passages of seals 
(Halarachne ), and monkeys (Pneumonyssus ). 

Entonyssidae, lung parasites of snakes ( Entonyssus). 

Kliinonys-idao, nasal parasites of birds. 

Dcrmunysftidac, bloodsucking "red mites” of birds and mammals 
(Dennantjssus, Oniithonyssus, Allodermanyssus ). 

Lueluptiduc, bloodsucking mites of rodents, etc. 

Suborder Ixodidc*. Ticks; size large; body leathery with or without plates; 

1 pair of lateral spiracles near fourth coxae but no tubular peri¬ 
treme; hypostome present, armed with recurved teeth. Includes 

2 families: 

Argarddae, "soft" ticks; no dorsal shield; body tuberculated; gnatho¬ 
some ventral. 

Ixodiduc, "hard" ticks; dorsal shield present; body not tuberculated; 
gnathosome anterior. 

Suborder I rombidiformea. One pair of stigmata on or near gnathosome; 

palpi free, highly developed; chelicerae developed for piercing. 
Contains several families of interest: 

Demodicidac, hair follicle initcs; wormlike, with very short legs. 

PyemotldneC «■ Pedicnloididac), louse mites; a club-shaped organ 
between coxae 1 and 2: legs all similar; larvae hatch and develop 
to maturity in saclike abdomen of female. 

Tursonemutidac, plant pests; occasionally found in human lungs or 
intestine. 

Tromhiculidae, harvest mites with parasitic larvae (redbugs or chig- 
gers); tarsus of palpus forms thumb closing against tibia; body 
covered with feathered hairs; larvae with dorsal shield with hairs 
and a pair of pseudostigmatic organs; body of adult divided into 
two sections. 

Chcylctidne, Psorergates (mange mites of sheep and mice), and 
mites that prowl in foods, fur, or feathers hunting other mites. 

Myobiidac. soft-skinned mites attacking feathers or skin of birds, and 
skin of small mammals. This suborder also contains water mites, 
some of which have larvae parasitic on insects. 

Suborder Sarcoptiformes. No well-developed stigmata or conspicuous 
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tracheae. Chelicerae usually scissorslike for chewing; palpi simple; 

oral suckers often present. . . 

Group Acaridiae. Soft-skinned; without stigmata or prominent club- 
shaped pseudostigmatic organs; tarsi with canmcles. Includes 
following families of interest: 

Aearidae ( = Tyroglyphidae), Clycyphagidae and related families, 
usually called tvroglyphids. infesting foods and causing grocers 

Sarcoptidae, itch mites; soft, unsegmented body: skin with line stria 
lions interrupted by scaly areas; legs short; includes Sarcoples. 
Notoedres. and Kncmidokoples. 

Psoroplidae. mange mites; dorsal shield present; bell-shaped canine es 
on stalks; abdomen of male bilobed postenorly; includes 
Psoroptes, Cborioptcs. and Otodcctcs. 

Group Oribatei. Heavily chitinizcd; prominent clubhke pseudost g- 
".tic organs; no caruncles. Free-living "beetle mites Includes 
numerous families, ol which at least seven contain species that 
serve as intermediate hosts of anoplocephalid tapeworms. 

In the present chapter we shall consider all the Acarina except the 
ticks, which will be dealt with separately in Chapter 24. 

Itch and Mange Mites (Sarcoptidae and Psoroplidae) 

Species. The minute rounded or oval, short-legged, flattened mites 
of the family Sarcoptidae are the cause of scabies or itch in man. 
similar mites belonging to the related family I’sorotidae (see p. 544 
are the cause of mange or scab in many kinds of annuals. The spec . 
that attacks man, Sarcoptcs scabiei, is so similar to forms of Canopies 
causing mange in many Other animals-dogs. foxes, cats, rabbits 
ruminants, horses, and pigs-tl.at all of these are considered me e 
biological varieties of one species. These varieties are so adapted to 
the hosts in which they have been living that it is difficult to transfer 
them to other hosts. Other genera of these two families attack various 

domestic animals. 

Following is a key to the most important genera: 
lc. Posterior pairs of legs nearly or quite concealed under abdomen 
lb. At least third pair of legs projecting Sarcoulet 

22a. Dorsum with spines and pointed scales (I-ig. 1 ntnedres 

2b. Dorsum with spines and rounded scales , ‘ 

2c. No dorsal spines or scales (Fig. 156) Knem.dokopte. 

3a. Pedicles of tarsal suckers very long ^ 

3 h. Pedicles short ., . . . . . , . 

4a. 9 with suckers on legs 1, 2. 4; with posterior abdominal 

4b. 9 with suckers on legs 1. 2; abdomen without lobes Olodecle, 

4c. 9 with suckers on all legs; abdomen without ^ Derma , ophagoiJe , 
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Fig. 155. Sarcoptes scabiet, itch mite. Left, 9: right, S; X 150. (9 adapted 
from Buxton. Parasitology, 13. 1921. <5 after Bedford from Nlonnig, Veterinary 

Helminthology and Entomology, 1949.) 


Notoedres cati causes a very severe and sometimes fatal mange in 
cats; it temporarily infests man but soon dies out. Psoroptes does not 
burrow under the skin but causes “scab* in ruminants and horses; 
Chorioptcs causes foot scab in horses, and Otodectcs ear mange in 
carnivores. Knemidokoptes has several species causing scaly-leg in 
birds, one K. mutans , a pest of poultry and another, K. pilae , a pest 
of parrakeets; another species, K. laevis var. gallinae , is the "depluming 
mite of poultry. Dcrmatophagoides is usually found on the skin of 
birds but has been reported to produce a dermatitis in man (Traver, 
1951 \ Vwtcreates ovis , less than half the size of Sarcoptes , causes 
mange of sheep and injury to the wool, but this mite belongs to an 
entirely different group (see p. 542). 

Sarcoptes scahiei. The itch mites, Sarcoptes scabiei (Fig. 155), 
are minute whitish creatures, scarcely visible to the naked eye. They 
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are nearly round, and the cuticle is delicately sculptured with numerous 
wavy parallel lines, pierced here and there by stiff projecting bristles or 
hairs They have no eyes or tracheae. The mouth parts, consisting of 
a pair of minute chelicerae and a pair of three-jointed triangular pedi- 
palps, are attached to a capitulum or gnathosome in the front of the 
body. The legs are short and stumpy and are provided with sucker¬ 
like organs at the tips of long unjointed pedicels in the first two pairs 
of legs in the females, and in the first, second, and fourth pairs in the 



Fig. 136. A, Psoroptcs S. dorsal view; 
Knemldokoptcs 9, dorsal view. (After 
Endoparasitcs for Veterinarians, Burgess.) 


n. Chortoptcs <$. ventral view; C. 
Whitlock. Practical Identification of 


males; the other legs terminate in long bristles. The number of legs 
with pediceled suckers, and whether or not the pedicels are ,on.ted. are 
important characters in differentiating other genera. In the human 
itch mite the male is less than 0.25 mm. in length and the female 
about 0.3 to 0.4 mm. in length. 

The impregnated females excavate thin tortuous tunnels in the epi¬ 
dermis (Fig. 157). especially where the skin is delicate and thin 
The tunnels measure a few millimeters to over an inch in length and 
are usually gray from the eggs and excrement deposited by the female 
as she burrows; under a lens they look like a chain of minute grayish 
specks punctuated at intervals by a tiny, hard, yellow blister. The 
daily excavations of a mite amount to 2 or 3 mm. 

Life cycle. The eggs, about 160 p long, are laid in the burrows 
at the rate of 2 or occasionally 3 a day until a total of about 3o to 
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50 have been laid, after which the female dies, usually at the end of 
a single tortuous burrow. The eggs hatch in a few days into larvae 
which resemble the adults except in minor details and in the absence 
of the fourth pair of legs. The larvae transform in 2 or 3 days into 
nymphs. The nymphs commonly build burrows for themselves and 
molt twice, the second time becoming adult male and female mites. 
The duration of the two nvmphal periods is 3% to 6 days, the entire 
development of the mites therefore requiring 8 to 14 days. The 
adults live about 4 weeks. 



Fig. 157. Diagrammatic tunnel of itch mite in human skin, showing 9 deposit¬ 
ing eggs. About x30. (Adapted from Riley and Johounscn, Medical Ento¬ 
mology, 1918.) 


The mites are not necessarily nocturnal as was formerly supposed, 
but wander about on the surface of the skin when it is warm, most 
frequently when the host is in bed. The males are usually stated to 
bo short-lived and to remain on the surface of the skin, but Munro 
in 1*)19 questioned this. The males are not, however, very commonly 
found. The young impregnated females make fresh excavations of 
heir own. Since there is a new generation about every 3 weeks, 
the rate of increase is potentially enormous, yet according to Mellanby 
(1943) the average number of adult females in an infested person is 
less than 12, and not one person in ten has over 30. 

the disease. The ‘itch” (scabies) is a disease which has been 
known much longer than it has been understood; it was formerly attrib¬ 
uted to bad blood.” In the past, itch swept over armies and popu¬ 
lations in great epidemics, but it has decreased with civilization and 
cleanliness. 

As shown by Mellanby (1943, 1944), the intense itching that char¬ 
acterizes the disease does not begin until a month or so after an initial 



The Acarina (Mites) and Pentastomida 547 

infection, when the skin has become sensitized; prior to this there is 
very little discomfort. After 6 weeks there is enough irritation to 
disturb sleep, and after about 100 days the irritation may be continuous 
and unbearable. In previously uninfected persons the mites reach a 
peak population of 50 to 500 in 7 to 16 weeks, after which the number 
declines sharply to 10 or less. The lesions, however, get worse and 
often appear where there are no longer any mites, and secondary 
infections, such as impetigo, develop. In reinfections intense local 
irritation, redness, and edema begin in 24 hours, often causing the 
parasites to be removed by the fingernails or to leave voluntarily an 
environment that is unfavorable for them because of edema or septic 
infections. The itching may persist for days or weeks after the mites 
are removed or killed. In reinfections the average number of mites 
present is only 3 or 4. A few mites may, however, persist for a very 
long time. . , 

The mites invade the skin of the hands and wrists most frequently. 
Mellanby found them there in 85'* of cases, but they also attack 
the groin and external genitals, breasts, feet, or other parts. 1 he head 
is rarely attacked, although a severe crusted*’ form ol the disease 
called Norwegian itch occurs in Europe and attacks the head as \nc 
as other parts. 

Although the burrows of the mites are often sufficiently character- 
istic to make a diagnosis possible, it should usually be confirmed by 
finding the mites, which are not in the vesicles but usually near them 
at the ends of the burrows. Scrapings from the blind ends of the bur¬ 
rows should be examined microscopically lor adults or larvae: the 
latter are only about 0.15 mm. long. 

eimdemiolocy. Infection can result only from the passage ol male 
and female mites or of an impregnated female from an infected to a 
healthy individual. Normally this takes place by actual contact, rarely 
in the daytime on account of the secretive habits of the mites, but 
commonly at night, especially from one bedfellow to another. Nh l- 
lanby found that transmission through bedding or clothing is rela¬ 
tively rare, except after contact with the small percentage of cases 
having a large number of mites. He was uniformly successful in 
establishing infections in previously uninfected volunteers by trans¬ 
fer of young impregnated mites but never younger stages. The adults 
can live apart from a host for 2 or 3 days under favorable conditions. 
It is possible for infection to be derived from mangy animals, though 
the mites, once adapted for several generations to a given host, do not 
often survive a transfer to a different species of host for more than a 
few days. 
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treatment and prevention. For many years the standard remedy 
for scabies was sulfur ointment ( Y> ounce sulfur in 16 ounces lard or 
lanolin) applied after softening the skin with soap and warm water. 
Now a single painting of the body from the neck down with 25% 
benzyl benzoate emulsion, even without sterilization of bedding or 
clothing (but with simultaneous application to bed mates) is usually 
successful. Lindane (1% in ointments or vanishing cream), left on 
for 4 days, is also effective, and Tetmosol in bath soap has both curative 
and prophylactic value (Baker et ah, 1956). 

Prevention of this annoying infection consists merely in avoiding 
contact with infected individuals and of shunning public towels or 
soiled bed linen. When introduced among groups of previously un¬ 
infected individuals, scabies may cause extensive epidemics. 

T real men ( of mange in animals. Most forms of animal mange 
and scab respond to dips or sprays containing lindane (about 0.05%) 
repeated after 10 to 14 days, or, in dogs and pigs, lindane in kerosene 
can be applied to affected areas. An emulsion of malathion with a 
wetting agent on animals and on bedding and walls has also been 
recommended. Lime-sulfur and nicotine solutions can also be used 
for dips. For scaly-lcg a 0.1% emulsion of lindane can be applied, or 
15% lime-sulfur in lard, after loosening the scales by soaking in 
warm water. 


Hair Follicle Mites ( Dcmoilex) 

The hair follicle or face inite, Dcmodcx folliculorum (Fig. 158), of 
the family Demodicidae, is a wormlike creature, very unmitelike in 
general appearance, which lives in the hair follicles and sebaceous 
glands of various mammals. In man it occurs especially on the face 
and has been found in the ear wax. In dogs it has been also found in 
lymph glands. Numerous forms from various animals have been 
described as different species, but they are all strikingly alike and the 
extent of their specificity is questionable. 

I hose mites have a short, broad head, four pairs of short, stumpy, 
three-jointed legs, and a very elongated abdomen with fine transverse 
striations. The temales are 0.35 to 0.4 mm. long, the males a little 
smaller. 

I he multiplication of these mites is slow. The eggs hatch into tiny 
six-legged larvae in which the legs are mere tubercles. It requires four 
molts to bring the larvae to sexual maturity. 

The occurrence of these parasites in the hair follicles of man, par¬ 
ticularly about the nose, is extremely common; in Germany Gmeiner 
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(1908) found them in 97 of 100 random examinations of individuals 
with healthy skins. In man they rarely cause any symptoms whatever, 
although there are occasional reports of redness, irritation, or other 
symptoms. When discovered in cases of acne, blackheads, and other 
skin conditions, it is natural to suspect them of being the cause, but 
Gmeiner found them much less frequently in cases of acne and black¬ 
heads than he did in healthy skins and thought that the altered contents 
of the diseased follicles and skin glands was unfavorable for their 
development. In dogs, on the other hand. Demo,lex causes a severe 



fig. 158 . Dcmodct foWcdomm. hair follicle mite xSOD. (After Megnin 
from Faust in Drcnncman. Practice of Pediatric «. Prior.) 


and sometimes fatal form of mange. Some authors think the infection 
is extremely common in dogs, as it is in man. but that it produces 
symptoms only under conditions of poor health, vitamin deficiencies, 
etc. There is a scaly form of the disease in which the skin becomes 
red, wrinkled, and scaly, and loses its hair, and a pustular or abscessed 
form in which the skin is invaded by staphylococci, to winch dogs are 
usually resistant. In cattle, pigs, goats, and horses Demo, ex causes 
pustules to develop, sometimes as large as walnuts 1 otentially 
Demo,lex infections may persist for life, but spontaneous disappearance 
may occur in animals that arc well fed and healthy. 

Transmission is usually thought to be by direct contact, or by towels 
etc., but internal systemic migration has been suggested. Infected 
dogs sometimes associate with other .logs for a long time without 
infecting them. Schiller et al. (1954) failed to infect any of eleven 
other dogs by mechanical transfer of deep skin scrapings from a very 
mangy mongrel. Experiments with transmission from dog to man 
have invariably failed. There is a high natural resistance; animals m 
poor condition from malnutrition or debilitating diseases are usually 
the ones that suffer. 

No entirely satisfactory treatment is known although practically 
every insecticide, singly or in combination, and in all forms of applica¬ 
tion. have been tried with variable results (Baker et al.. 1956). Schiller 
et al. (1954), however, got exceptionally good results in dogs with an 
ointment proposed for human cases by Ayres and Anderson in 1932 
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(Beta-naphthol, 4 grams; sublimed sulfur, 8 grams; balsam of Peru, 
30 cc.; and petrolatum, 30 cc.). 

Redhugs or “Chiggers* (Trombiculidae) 

There is probably no creature on earth that can cause more torment 
for its size than a redbug, but in the Far East even this distinction is 
not enough. In that area some species add injury to insult by trans- 



Flg. 159. Left, common American redbug or chigger, Trombictila alfreddugcsi, 
about x 160. Right, adult 9 of same. (After Ewing: left, J. Wash. Acad. Set., 
28, 1938; right, Proc. Biol. Soc. Wash., 88, 1925.) 


mitting a disease, scrub typhus, which during World War II caused 
more trouble in the Pacific area than any other insect-borne disease 
except malaria. I hese mites are also suspected on epidemiological 
grounds of transmitting epidemic hemorrhagic fever (Traub et al., 
1954). I his is a virus disease in Siberia, Manchuria, and Korea which 
causes fever, dilation and increased permeability of capillaries, kidney 
damage, etc., and is fatal in about 5 c ,e of cases (Brown, 1954). A field 
mouse. Apod emus agrarius , is believed to be a reservoir host. 

lhe redhugs (Fig. 159) are the six-legged larvae of mites of the 
family 1 rombiculidae, formerly considered a subfamily of Trom- 
bidiidae. 1 he larvae of the latter are parasitic on insects, whereas 
trombiculid larvae are always parasitic on vertebrates. The nymphs 
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and adults are velvety, scarlet-red mites that are free-living; then- 
principal food seems to be insect eggs or minute insect larvae. 

The parasitic larvae, called redbugs, rougets, chiggers harvest mites, 
scrub mites, or various local names, are minute reddish or orange 
creatures barely visible to the naked eye (about 0.2 by Olo mm.) 
when unfed. Just behind the capitulum is a small dorsal scutum 
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ornamented with five (in some species six) feathered hairs and a pair 
of pseudostigmatic organs (Fig. 160B, C) from which arise sensor 
hairs, long and slender in the human species, club-shaped ... certain 
others. There are also feathered hairs on other parts of the body 
and on the palpi and legs. Genera and species are distinguished 
by details of the dorsal scutum and of the hairs on the palp, and 

Life history. The life cycle has been worked out completely ... 
only a few species but is probably similar for all; it is peculiar in that 
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extra cuticular coverings are produced between the usual stages, and 
that the fleshy parts of the legs are resorbed and totally new legs are 
formed in each successive stage. The eggs, laid singly or in small 
groups, are deposited on the ground. After the general body form is 
laid down in the egg a cystlike membrane develops around the embryo, 
which is exposed by the splitting of the egg shell. This stage, called 
a deutovum, develops in about 6 days. Six days later the fully de¬ 
veloped larva hatches, attaches itself to a vertebrate host at the first 
opportunity, and remains attached for a few days to a month. Williams 
found that the larvae may pass the winter comfortably holed up in 
the ears of rabbits or squirrels. After engorgement the larva drops 
off and molts; meanwhile the tissues of the appendages undergo lysis, 
and a thin chitinized shell is laid down under the old larval skin; this 
stage is called a protonymph or nymphochrysalis. In a few days an 
eight-legged nymph develops inside and emerges. After feeding and 
growing, the nymph changes to a preadult or imagochrysalis, from 
which an adult male or female emerges in about 6 days or more. The 
nymphs and adults (Fig. 159) are similar in appearance, the nymphs 
being about 0.5 mm. and the adults about 0.75 to 1 mm. long. They 
probably feed principally on insect eggs or minute larvae, and may do 
away with appreciable numbers of eggs of Aedes and Psorophora 
mosquitoes which are laid on dry ground in their hunting grounds. 
The minimum time from egg to eggs is about 7 weeks. 

Important species and their habits. Redbugs are anchored to 
the skin surface by a tissue reaction to the irritating saliva that is super¬ 
ficially injected. The redbugs then drool into the skin; the saliva 
dissolves the skin tissue as it penetrates, forming a tubular structure 
in the skin called a stylostomc, nearly as long as the body of the mite 
and filled with semidigested tissue debris on which the mite feeds 
( ig. 160, D-/ ). The mites do not feed on blood, although their red 
color gives that impression. 

Some redbugs show marked host preferences, different species nor¬ 
mally confining themselves to such hosts as rodents, bats, birds, or 
r< respectively, but a few do not show much discrimination and 

are content to drool into the skin of almost anything they can get access 
to, whether it :>c a turtle, snake, robin, rabbit, mouse, or human being. 
Most species on mammals have a tendency to get into the ears. On 
man they run over the skin or through the meshes of clothing, most 
commonly coming to rest about the garters or belt. 

fortunately relatively few of the many hundreds of species spread 
over all parts of the world engage in sucking blood from man or 
domestic animals, and only one very small group of closely related 
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species of the genus Trombicula are concerned with transmission of 
scrub typhus, at least to man. 

The species that commonly attack man in North America belong to 
the genus Trombicula, subgenus Eutrombicula; these are T. alfrcd- 
dugesi, which ranges from Canada to South America and the West 
Indies, but is most frequent in the southeastern states and the Missis¬ 
sippi Valley; T. splcndcns in wet localities in the southeastern states, 
and T. batatas, a grassland pest from the Gulf states and California 
to northern South America. In Texas and the southeastern states a 
species of Neoschongastia is a pest of chickens and birds but leaves 
man alone. In Europe T. ( Ncotrombicula) autumnalis is an annoying 
pest of man and domestic animals. In the Far East and Australia there 
are about a dozen species, in several genera, that can make life miser¬ 
able for man and domestic animals. One in Australia, T. ( E .) sarcina , 
causes nasty irritating sores on the legs of sheep. 

The common pest redbug of the United States. T. alfrcddugesi, 
attacks principally turtles, snakes, ground birds, and rabbits and is 
content to feed on man and domestic animals, but unlike many species 
it does not often attack rodents. Both this species and T. splcndcns 
are partial to reptiles; on snakes and lizards they may be so abundant 
as to suggest a new color pattern, characterized by rusty red patches 
between the scales! T. batatas favors birds as a source of food. T. al- 
freddugesi is particularly abundant near thickets, under blackberry 
bushes, around the base of trees, etc., but seldom in hardwood forests 
(Williams, 1946). Before attachment they run about actively on or 
near the ground, eager to climb on a host, but they do not climb upon 
grass or brush, and ordinarily do not travel far. 

The irritation caused by redbugs, as in other arthropod attacks, is 
largely due to sensitization to the saliva injected. The reaction reaches 
its height of itching in 12 to 24 hours, when the stvlostome is well 
developed. Eventually the reaction becomes so rapid that very little 
saliva gets into the skin and the mites are unable to engorge; in some 
individuals almost complete immunity develops, except for a few 
reactive bites early in the season which act like a booster shot of a 
vaccine to revive immunity. Alcohol or camphor helps to allay the 
itching, and a bath with baking soda or ammonia in the water gives 
some relief, especially if taken soon after exposure. Dusting sulfur 
inside the stockings and on the legs is undoubtedly a helpful prophy¬ 
lactic if better repellents are not available (sec below). 

Transmission of scrub typhus. A few closely related species of 
le 8°nus Trombicula, subgenus Leptotrombidium, in the Far East 
arc res Ponsible for the transmission of scrub typhus, caused by Rick- 
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ettsia tsutsugamushi (see p. 215). T. akamushi and T. deliensis ( pos¬ 
sibly only a subspecies) inhabiting a wide area from India to Japan, 
southeastern Asia, East Indies, New Guinea and Australia, are the 
only proved transmitters to man, but another, T. scutellaris , is believed 
to transmit a mild strain of the disease (Sasa, 1954), and T. tosa , a 
virulent strain, in some parts of Japan. These are all primarily para¬ 
sites of rats, field mice (Microtus and Apodemus ), shrews, and rabbits, 
all of which have been found naturally infected with scrub typhus. 
They may serve as transient reservoirs, although the mites themselves 
are probably the principal reservoirs, since they pass the organisms 
transovarially to their offspring generation after generation. Since 
the mites normally attack only one host in the larval stage and are not 
parasitic at all in their later stages, transovarial transmission is a 
necessary feature in the epidemiology of this disease. 

These mites feed also on other mammals and on birds, which may 
disperse them. Other species of trombiculids may spread the infection 
among rodents, keeping up a jungle cycle analogous to jungle yellow 
fever. Such mites might occasionally cause human infections. One 
rat mite, in southeast Asia, Euschongastia atulyi, has been reported to 
harbor not only Rickettsia tsutsiigamushi , but also R. typhi of murine 
typhus (see p. 653). 

Scrub typhus usually begins with a black sore or "eschar” at the 
site of the infective bite. Fever, insomnia, generalized inflammation 
of lymph glands, aches, and neuritis are the usual symptoms; often 
there is a rash also. The mortality varies from 3 to over 50% in dif¬ 
ferent places. The disease is differentiated from "shop typhus*’ (en¬ 
demic or murine typhus) by the OXK Weil Felix reaction. Treatment 
of this and other rickettsial diseases is discussed on p. 217. 

Control and protection. Elimination of vegetation, intensive culti¬ 
vation. etc., greatly reduces the number of redbugs. Spraying the 
ground with dieldrin emulsion gives effective control for at least a 
year. Dusting wi*h chlorinated hydrocarbons (2 lb. per acre) is also 
effective. 

For personal protection, clothing should be sprayed or wiped, or 
preferably impregnated, with dimethyl or dibutyl phthalate, benzyl 
benzoate, benzil, and diethyltoluamide (see Baker, 1956). At a dose 
of 2 grams per scpiare foot of clothing, diethyltoluamide was still effec¬ 
tive after 6 weeks as compared with 3-weeks* duration for the stand¬ 
ard army repellent M2020 (see p. 537), but it is more easily washed 
out. 
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Bloodsucking Mites (Dermanyssidae) 

The suborder Mesostigmata (see p. 542) contains several families 
of bloodsucking mites. The families Dermanyssidae and Laelaptidae 
contain many parasites of rodents and birds. Some live in nests or 
burrows, feeding on the host when it is “at home" or sitting on nests, 
but some stay on the host all their lives. In most species the larvae 



Fig. .6,. Dcrmunyssicl mites. A. Dcnuan^s taUlnac; B. 
bacoll; C, D. All,.dermanyssus Mitltulncus. ventral and dorsal. Abbreviation 
c/.„ chdicerac, needle-like in Derma,, pimer-like ... On,dl <>«£«»*• 
dorsal plate, large in Derm.,.narrow in On,„lu, and 
lodcmwnyssus; a.p.. anal plate: e.„.. ventral plate: sf., sternal plate. (Adapted 

from various authors.) 


do not feed, and in some the deutonymphs do without food also. A 
number of these bloodsucking mites are important as ' conservators 
or vectors of rickettsias or viruses. Members of the related family 
Haemogamasidae transmit tularemia and probably other infections 

DermanyssuB gallinae. This, the "red mite of poultry (I* .g. 161.A), 
along with one or two other species of poultry mites belonging to the 
family Dermanyssidae, often causes irritation and annoyance to people 
who work in chicken houses, live poultry markets, etc. Mites of this 
genus have a large dorsal shield rounded posteriorly (Fig. 161) and 
chelicerae that are needlelike in females but have pincerlike tips ... 
males. The mites live and lay their eggs in cracks and crevices, nests, 
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etc., feeding on the chickens mainly at night and sometimes doing 
much damage to them; they may actually bleed them to death. Al¬ 
though only able to live and multiply on birds, they may remain on 
human skin for a day or two, causing annoying bites. There is a 
report of a London hospital which was literally dusted with these 
mites originating from pigeon nests in the roof. Infested chicken 
houses, dovecotes, live poultry markets, etc., may remain infested for 
weeks or months after the birds have been removed. 

The unfed larvae molt to become protonymphs; after one blood meal 
these molt and become deutonvmphs and after one more meal, adults. 
Thereafter the female lays batches of eggs after successive feedings. 

This mite has been found to harbor and transovarially transmit the 
encephalomyelitis viruses of the St. Louis and western equine types. 
Many chickens develop antibodies, and the mites were suspected of 
being important reservoirs of these viruses in winter and between 
epidemics. It was further shown that Omithonyssus sylviarum (see 
below) of wild birds sometimes harbors these viruses, and an inter¬ 
esting epidemiological situation was visualized—the vims harbored 
by mites which transovarially transmit them, and infect their bird 
hosts; the bird hosts bitten in summer by mosquitoes, which then pass 
the viruses on to horses, whence other mosquitoes transmit them to 
other horses and to man. Later work, however, casts some doubt on 
this matter (see Eklund, 1954). 

Use of chlorinated hydrocarbons and organic phosphorus com¬ 
pounds, especially lindane and inalathion, in sprays have replaced the 
time-honored use of carbolineum and creosote, which had the dis¬ 
advantage of giving eggs flavors that did not come from the chickens. 
The sprays on walls and roosts, plus dusts applied to the litter, nests, 
etc., gives good control of both this mite and Omithonyssus sylviarum 
(see below). 

Omithonyssus . Members of this genus (formerly Liponyssus or 
Bdellonyssus) are important parasites of birds and rodents and are 
concerned in transmission of certain rickettsial and virus diseases. 
These mites have relatively narrow dorsal shields (Fig. 161) and 
chclicerae that end in pincers in both sexes. 

O. sylviarum , in temperate climates, and O. buarsa , in the tropics, 
are common parasites of chickens and many wild birds. O. sylviarum 
spends its whole life on the feathers of the birds. O. buarsa , on the 
other hand, may be found either on the bodies of the birds or in their 
nests. Usually these mites, as noted above, can be controlled by 
dusting litter and nests with malathion or nicotine sulfate, or a mixture. 

O. bacoti (lig. 16111), the tropical rat mite, is a common mite of 
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commensal rats and other rodents in southern United States and all 
warm parts of the world. It temporarily becomes an annoying human 
pest in rat-infected buildings when orphaned by its normal hosts being 
killed or driven off. This mite plays a minor role in transmission 
among reservoir hosts, and occasionally to man. of endemic typhus, 
rickettsialpox, Q fever, tularemia, plague and certain viruses, and it 
also serves as the intermediate host of the filaria of cotton rats. ( Li- 
tomosoidcs (see p. 482). Hats and other rodents harbor other blood¬ 
sucking mites of this family and of the families Laelaptidae and 
Haemogamasidse. Echinolaclaps cchidninus is a common rat parasite 
all over the world, and transmits Hcpatozoon nwris (see p. 204) when 
swallowed. 

Mites and rickettsialpox. This disease caused by a Rickettsia, 
R. akari , related to that of spotted fever, was first recognized m an 
outbreak in a new housing development in New ^ork C ity in 194 
It was traced to house mice as reservoir hosts, from which a der- 
manyssid mite, Allodennanyssus sanzuincus, found in the United States 
and Africa, transmitted it to the residents. Subsequently tins disease 
was reported in other eastern cities, and serological tests suggest its 
presence elsewhere in the world. This mite has a divided dorsal plate 
(Fig. 161C, D). Rickettsialpox begins like scrub typhus with a black 
eschar at the site of the bite, followed a week later by a sudden fever 
and rash resembling chickenpox. 

Mites in the lungs, intestine, urinary passages, etc. Lung mites. 
In addition to the lung mites of the families mentioned on p. 541, the 
airsac mite, Cytodites nudus, related to the mange mites, lives in 
the airsacs, lungs, and linings of other internal cavities of chickens, 
canaries, and other birds, causing serious, sometimes fatal disease 
No true lung mites have been found in man. A number of cases o 
mites in the lungs or sputum accompanied by bronchial asthma and 
eosinophilia, have been reported. These have usually been species 
that are normally free-living or plant-parasitic, so were presumably 
accidentally inhaled, or possibly taken into the mouth with food. 

Mites in the intestine. There have been numerous reports of in¬ 
testinal irritation by grain or cheese mites (see below) ingested with 
infected foods. The eggs and dead mites in all stages may be found 
in the feces of man, or dogs, etc. This pseudoparasitism with mites 
sometimes fills unsuspecting technicians with wonder and excitement 
when they discover the large eggs in the feces. However, the ingestion 
of the mites in large numbers may cause gastrointestinal symptoms, 
e.g., eating the famous German cheese, “altenburger mulbankase, that 
owes its piquant flavor to the presence of myriads of acarid mites wit i 
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which it is inoculated, and which, with their feces, produce a moving 
grayish powder on its surface. However, people who are accustomed 
to eating it suffer no ill effects. In many cases the intestinal dis¬ 
turbances are probably allergic in nature, like grocers itch (see 
below). 

Urinary infections. Urinary infections with mites have frequently 
been reported, but in most of these cases it seems likely that the mites 
observed are really contaminations from containers or other sources. 
However, there are a number of apparently bona fide infestations of 
the urinary tract in which no sources of contamination could be found. 
Mackenzie and Mekie in 1926 reported finding mites in the urine of 
patients with uncontrollable nocturnal enuresis; the urine contained 
abundant epithelial cells, parts of mites, and a black deposit. The 
mites concerned were a tarsonematid, Tarsonemus floricolus , and 
acarids (see below). How the mites in such cases find their way 
into the urinary passages and bladder is unknown. 

In rare instances acarid mites establish residence in the canal of 
the outer ear and occasionally even penetrate to the middle ear and 
mastoid. 

There have been reports of acarid mites being found in cancers and 
other situations in the tissues of the body, but it is practically certain 
that these are cases of contamination. 


Grocer’s Itch and Allied Forms of Mite Dermatitis 


Grain mites. Many mites, most of them belonging to the families 
Acaridae (—Tyroglvphidae) and Clvcyphagidae, are common pests 
of human dwellings, stores, and warehouses, where they attack all sorts 
ot iood materials, stored seeds, stuffing of furniture, etc. When con¬ 
ditions are favorable they multiply until the infested materials are 
literally alive with them. They are especially commonly found in 

animal feeds, hay, grain, flour, sugar, dried fruits, copra, cottonseed, 

and cheese. 


People who come into close association with infested goods develop 
symptoms which llase (1929) thinks are of allergic nature. Though 
allergy undoubtedly plays a part, there is evidence that the bodies or 
excretions of the mites are toxic. When Hase fed mice with mite dust 
vdead mites, feces, cast, skins, etc.), 7 of 12 died with dysenteric 
mpioms. Sometimes dermatitis appears in whole groups of people 
'•miu* with infested materials, e.g., copra workers, or living where 
/ poscd to t,ust fr0m mite-infested grain. Contact with living mites 
i^ unnecessary. Symptoms are produced as readily, if no* more so. 
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by infested materials rubbed on the skin, or dust blown on the skin 
or inhaled. 

Both dermal and respiratory symptoms occur. The skin develops 
a typical itching urticaria, sometimes with large hives, sometimes 
eczematous. Asthma is common, and other frequent symptoms are 
quickened pulse, general aches, fever, and sometimes nausea, vomiting, 
and diarrhea. It is obvious that these symptoms are by no means 
peculiar to mite infections but are frequently observed in severe 
arthropod infections of other kinds. Few arthropods, except mites, 
develop in sufficiently prodigious numbers to produce symptoms by 
their dust; in almost all other cases, the production of symptoms de¬ 
pends upon the inoculation of saliva at the time of biting. 




Flo. 162. Left, grain mite. Tyfophaw* putrescent lev ( TyroelypUus longior) 
X 30. (After FumoiMC and Robin.) Hight. hypopiis or traveling stage, ventral 
view. Much enlarged. (After Banks. U. S. Dept. Ague. Kept*., 108.) 


Some of the well-known examples of dermatitis from mites are 
grocer’s or bakers itch, known all over the world; "copra itch in 
copra mills in Ceylon; -miller’s itch." familiar in most grain-raising 
countries; “vanillism" in handlers of vanilla pods; "cottonseed itch ; 
“barley itch”; etc. The affliction is not confined to man. for horses 
sometimes get dermatitis when provided with mite-infested hay. 

Grain mites are small white or yellowish, soft-bodied mites. They 
have prominent pincerlike chelicerae which are entirely unsuited for 
piercing the skin. The three commonest genera are Acarus ( - 7 yrog - 
typhus), Tyrophagus (Fig. 162), and Glycyphagus. The first two 
have elongate bodies, with a suture separating the body into anterior 
and posterior parts, and with a few long simple hairs; Glycyphagus , 
and also the sugar mite, Carpoghyphus, have no body suture. 

The life cycle of many species is remarkable in that, after reaching 
a nymphal stage in orthodox mite style, the mites change into a form 
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called a hypopus (Fig. 162, right ), which is a special adaptation for 
hitchhiking. There are no mouth parts, the legs are short and stumpy, 
and there are ventral suckers on the abdomen. In some species (Gly- 
ciphagus) an encysted type of hypopus is produced to withstand 
desiccation. Thus equipped for travel, the mites attach themselves 
to insects or other objects and are transported to new localities. They 
have frequently been mistaken for parasites, but they are no more 




Fig. 163. Pjcmotcs ( Pcdiculoidcs) vcnlricosus. Left, virgin 9. Right, 
partially gravid 9. In fully gravid female*, the ul>doiiu‘n swells to several times 
the size shown here. (From Baker and Wharton, Acarology , Macmillan, 1952.) 

parasitic than a man on horseback. After dropping from their ani¬ 
mated conveyances they molt into eight-legged nymphs, which after 
feeding become adults. 

Infested substances are best burned or otherwise disposed of, and 
the containers, rooms, etc., then fumigated, preferably with methyl 
bromide < see p. 535 > or other fumigants. Carbon dioxide snow added 
to grain or Iced in containers is helpful in keeping down mites as well 
os mealworms and weavils. Modern packaging gives protection if the 
contents are not already infested. 

l y yemotes vcnlricosus. This mite (Fig. 163), formerly called 
i jclicufaides ventricosus , belongs to the family Pyemotidae (see p. 
• >. 1 he males and unencumbered females are only about 0.2 mm. 

long, barely visible to the naked eye. The pregnant females, however, 
retain their eggs and young in the abdomen until they are fully de- 
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veloped, the abdomen becoming a grotesquely enlarged brood sac, 
which may reach a diameter of 1.5 mm. I he females retain their 
slender virginal form very briefly, for it may be only 6 days from the 
time they leave their distorted mother until they have a saeful of young 
of their own. 

These mites are normally parasitic on grain-moth caterpillars and 
other insects in straw, grains, cottonseed, etc. In stored products the 
transformation and escape of their insect prey leave them with their 
normal food supply cut off, and the hungry and thirsty mites then 
attack any flesh that comes their way. Serious infestations occur 
among grain thrashers, millers, etc., and sometimes new straw mat¬ 
tresses turn out to be veritable beds of fire. 

An itching rash begins about 12 to 16 hours or sooner after exposure 
to the mites. The bites, at first red and inflamed, itch unbearably. 
Little blisters form and, when scratched and ruptured, develop into 
pustules or scabs; in bad attacks the usual constitutional symptoms of 
severe arthropod infestation develop—fever, rapid pulse, headache, 
nausea, etc. One case has been reported in which dust from a mite- 
infested grain elevator blew into the cottages in the neighborhood and 
produced dermatitis in all the inhabitants. Since the mites cannot 
thrive on human blood they soon withdraw, disillusioned, to try some 
other source of food, and consequently the symptoms usually subside 
within a week unless fresh detachments of mites are constantly being 
acquired. This can be prevented by fumigation with sulfur or other 
fumigants, or pyrethrum sprays (see p. 532). 

The itching can be alleviated by alkaline baths or application of 
soda and soothing ointments. People exposed to infestation can get 
protection from the bites by application of acaricides or repellents 
(see p. 536) and a change of clothing, but those who develop dust 
dermatitis will get no relief from these measures. 

Other dermatitis-producing mites. A number of other mites may 
occasionally produce dermatitis. Brief mention should be made of 
members of the family Chcyletidac, belonging to the Trombidiformes, 
which prey on truly parasitic mites in the fur or plumage of animals. 
One species, Cheyletiellti panisitiuorax, often found on rabbits and 
cats, occasionally attacks the mammalian host. This mite has been 
found responsible in a few cases of human eczema from handling cats. 


Oributids 

The oribatid mites (see Fig. 108) are free-living mites living in soil, 
moss, etc., feeding on molds and organic debris. They are very numer- 
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ous and probably important, as are earthworms, in connection with 
soil fertility. The life cycle involves several nymphal stages, and may 
occupy a year or more. They are of interest to parasitologists because 
many species, belonging to a number of different families, serve as 
intermediate hosts of tapeworms of the families Anoplocephalidae and 
Catenotaeniidae (see p. 372). Estimated populations on pastures 
may run to several millions per acre, of which several hundred thou¬ 
sands may harbor larvae of cattle or sheep tapeworms. These mites 
creep out of the soil when the dew is on the grass, and are eaten by 
herbivorous animals with the vegetation. The principal factors deter¬ 
mining their importance as tapeworm vectors are their abundance 
where the hosts of the tapeworms feed and their ability to swallow the 
tapeworm eggs. 


THE PENTASTOMIDA 


Tongue Worms ami Their Allies 

At one time this aberrant group of arthropods was classified with 
the Arachnida and was thought to be related to the mites, but it is now 
usually considered a separate class. The animals have become so 
modified by parasitic life that their affinity with the arthropods would 
be difficult to recognize if it were not for the form of the larvae, which 
are more or less mitelike and have either two or three pairs of legs. 
Even in life cycle they resemble parasitic worms in that they pass the 
immature stages in an intermediate host. 

1 he adults have elongate bodies which are either flattened or cylin¬ 
drical and div ided mto a series of unusually conspicuous rings which 
arc not. howeve r true segments. There is no distinct division into 
head, thorav, oi ihdomcn On either side of the mouth at the anterior 
en< * t,!ere 1 ‘ ' ” 1’ , s of hollow, fanglike hooks, in some forms 
situated >n fingci k< , irapodia, which can be retracted into grooves 
“* ce '' ' 1 ' ' 164 These are believed to be vestiges 

ol some cf the app. nd.iges. At the bases of the retractile hooks there 
' num k‘ 1 ' ! 1 glands, the secretion of which is believed to 

' hemolytic. I he I’cntastomida have a simple nervous system, a 
» ; <!h straight digestive tract, and a reproductive svstem. The anus 
•s at the posterior end of the body. The females, which are larger than 
m ill s. have the genital opening either near the anterior or near the 
< .erior end ol the abdomen, but that of the males is anterior. 

J !,c ,ife °> c,e involves two hosts. The adults usually live in the 
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lungs or air passages of their hosts; the larvae live free or encysted in 
the viscera of some other host. 

Classification. The classification of the Pentastomida according to 
Heymons and Vitzthum (1936) is as follows: 

Order 1. Cephalobaenida. Hooks situated on fingerlike processes or at 
least swellings of the body behind mouth; genital opening anterior 
in both sexes. 

Family 1. Cephalobaenidae. In lungs of lizards and snakes. 

Family 2. Reighardiidae. In air sacs of gulls and terns. 



rig. 164. Left, head of Armillifer armilUrtus. x.3 (after Sambon. I. Trap. Med. 
Uyg., 25. 1922). Right, head of nymph of Lingualula serrata, x-5 (alter 
Faust, Am. J. Trap. Med.. 7. 1927). 


Order 2. Poroccphnlldu. Hooks not on prominences, arranged trapezelike 
or in a curved line on either side of mouth; 9 genital opening 

FamilyT Porocephalidae. Body cylindrical. Adults in lungs of rep- 
tiles, young in a great variety ol vertebrates; young of the g.ni.s 
Armillifer usually in mammals, including man. 

Family 2. Lingualulidac. Body flattened. Adults in nasal P*ssagts 
of dog and cat family, except one in crocodiles; young in all 
of mammals, including man. 


There is a single well-authenticated instance of human infection 
with an adult Lingualula serrata in the nasal passages, but visceral 
Infection with immature stages of this species and of several speccs 

of Porocephalidae is surprisingly common. 

Lingualula serrata. The adult worms are nearly colorless; the 
females are 100 to 130 mm. long with a maximum width of about 
10 mm.; the males arc only about 20 mm. long and 3 to 4 mm. wide. 
They occur In the nasal passages and frontal sinuses principally of dogs 
(Fig. 165A, F) and occasionally other animals, where they suck blood. 
They sometimes cause severe catarrh, bleeding, and suppuration anil 
may cause much sneezing and difficulty in breathing when they ob¬ 
struct the nasal passages, but often they produce no symptoms at all 
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like appearance (Fig. 166A, B). The females are 90 to 130 mm. long, 
the males about 30 to 45 mm. In the intermediate hosts the nymphs 
lie coiled up in cysts either embedded in or attached to the liver or 
other organs; they resemble miniatures of the adults. When ingested 



Fig. 1*6 .4. Arv.rlifer mmJhtus 9: />. same. «$; C. Klriccphalus coarctatus, 

common m American cokbrim- snakes; D, Poroccphalus crotali, in American 
™ , 1 ,k "; ' X_i 1 f ‘kipted from Sambon, J. Trap . %•, 25> 

1 1 ; 1 : : h Porasitol., VI. 19 IS. c; and //. from Fullebom, 

/lr ‘ J * ■ * Pcn-Ilyi’.. 2->, 1919.) 


.>; ovthons they are said to reach the lungs by burrowing through the 
1 v ,1! but may be incorrect, since both Porocephalus 
croia i *"“l Un&uitula reach the lungs via the throat and trachea 
' nn> 1942). In the intermediate host development is very slow, 
- nymphs requiring 1» 2 to 2 years to reach a length of 16 to 22 mm. 
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Two American cases of infection with porocephalid worms have 
been recorded. Since no American species of Armillifcr are known 
these worms may have been the young of Porocephahis crotah of 
rattlesnakes (Fig. 166D), or of Kiricephalus coarctatus of Colubridae 
(Fig. 166C). Both these genera although having annulated bodies 
lack the conspicuous rings of Armillifcr. P. crotali nymphs are com¬ 
mon in muskrats and other mammals. 

Heavy experimental infections with immature worms produce in¬ 
jurious or even fatal effects, but there is no evidence that the light 
infections usually seen in man are pathogenic. One heavily loaded 
case reported by Cannon (1942) suffered from partial obstruction ol 
the colon due to thickening of its parasite-studded walls. Since there 
are no characteristic symptoms, infections are recognized only at 
autopsies. 
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Chapter 24 

TICKS 


Although the ticks constitute only one of the suborders of the order 
Acarina, they arc popularly regarded as a quite distinct group because 
they are largo and easy to recognize. They are not merely annoying 
pests but surpass all other arthropods in the number and variety of 
disease agents for which they are carriers. As carriers of human 
disease they rank next to mosquitoes, but as carriers of animal diseases 
they are preeminent. 

General anatomy. The ticks are classed in two families, Argasidae 
or "soft" ticks, and Ixodidae or “hard" ticks, which differ considerably 
both in their structure and life cycle, as will be seen in the following 
pages. Structurally the Ai^asidae (Fig. 167E, F) are distinguished 
by having the body covered by a leathery cuticle marked by numerous 
tubercles or granulations, and sometimes small circular discs, also, but 
no plates or shit his. The Ixodidae, on the other hand (Fig. 167A-D) 
have a dorsal shield or scutum that almost completely covers the back 
in males, but onl\ the anterior portion of it in females. In some genera 
(Dermacentor and \mhhjomnui) the dorsal shield or scutum is orna¬ 
mented with silvery m s and is then said to be “ornate" (Figs. 
175. 176). in « \ i d genera the dorsal shield of the male is marked 
with "festoons on the posterior border (Fig. 167A, B). Another 
character distil,>hing these two families is the ventral position of the 
mouth pcils ui the \rgusidae and their anterior position in the Ixodidae, 
w here they fit into a groove or camcrostome at the anterior end of the 
body. I Ik fcrivdcs of both families when unfed are flat, but after 
j 1 K ’ 1 "hiltoooiis -ncids they become grotesquely engorged and resemble 
1 o: nuis (l' 1 .-- The dorsal shield or scutum of engorged 

v ixodids becomes quite inconspicuous. 

mouth parts, as in other Acarina, are borne on a movable 
i or g iwlhosonui . which is not a true head although popularly 
tiled: it consists of a base (basis capituli) and the mouth parts 
(I : 0 '. 168A, B). The latter consist of a hypostome , a pair of palpi , 
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Pig. 167. Dorsal and ventral views of ixodid and argasid ticks. A and B of 
<5 ixodid ( Dermacentor); C and D of 9 ixodid ( Dermacentor); E and i ol 
argasid ( Omithocloro, ). Abbreviations: a.. anus; anal plate; be., basis 

capituli; cap., capitulum; cor./, first coxa; d s., dorsal scutum or shield; fest.. fes¬ 
toons; /ou., fovea; g.ap., genital a|xrturc; g.g.» genital groove; /... hood; I.#., 
lateral groove; m.. mammillae; mg., marginal groove; p.. palpus; pal.g., post-anal 
groove; por.a., porose area; pr.a.g., pre-anal groove; *p.. spiracle; sp.p.. spiraeular 
plate. (Adapted from Cooley, .V././/. Bo//. HI. and Cooley and Kohls. Am. 
Midland Nat., Monogr. 1, 1044.) 
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Fig. 168. A, capitulum of arg.isid tick, ventral view (from Nlntheson, Medical 
Entomology, Com<tnck). I'., capitulum of ixodid tick ( Dcrmaccntor), ventral 
view (after Cooley. S.I.H. Hull. 171); b.c., b. cap., basis capituli; eh., chcliccrn; 
/i., hyp., liypostome; pal , palpus; p.l—IV, palpal segments; sh. eh., sheath of 
chcliccrn. C-K, l‘>po>tomes of: C, Otobius megnini, nymph; D, same, adult; E, 
Ornithodoro * Am:/gnr/i, adult; F, O turlcata 9 ; C, Ixodes scapularis 9 ; H, same, 
o; /, Ixodes in eric anus 9; J. Hhipiccphalus sanguineus 9; K, // aemaphy salts 
leporispaiustris 9. (Sketched from various authors.) 

and a pair of chcliccrnc. I lie liypostome is a prolongation of the ventral 
wall ol I lie capitulum. It is a formidable piercing organ beset with 
row after row of ncurved teeth (Fig. 16SC-K); these cause it to 
hold so firmly in the flesh into which it is inserted that forcible 
removal of the tick is liable to tear the body away from the capitulum, 
•M.uh remains embedded in the skin. The chelicerae are elongate, 
slender structures lying above the liypostome; at the tip they have a 
movable articulated digit armed with teeth. The palpi are limber, 
leglike structures in the Argasidae, but rigid and closely associated 
with the liypostome in the Ixodidae; in the latter the fourth segment 
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is embedded in a pit on the ventral side of the third segment (Fig. 
168A, B). The single pair of spiracles are situated on the sides of the 
body near the fourth coxae. The legs of all four pairs (three pairs 
in the larvae) are much alike and are terminated by a pair of claws 
on a stalk. The legs are long and conspicuous when the body is empty 
but are hardly noticeable after engorgement. 

The genital aperture is situated on the ventral side between the first 
or second pair of legs, the anus about halfway between the fourth 
pair of legs and the hind margin of the body. The presence and 
position of grooves on the ventral side of both sexes and the presence 
or absence of ventral shields in male ixodids are characters of taxo¬ 


nomic value. 

Habits and life history. All ticks are parasitic during some part 
of their lives. The majority of them infest mammals, though many 
species attack birds and some are found on cold-blooded animals A 
decided host preference is shown by some species, whereas others 
appear to be content with practically any bird or mammal that comes 
their way. Many ticks tend to attack birds or small mammals as 
larvae and nymphs, and larger mammals as adults. This is important 
in connection with disease transmission since rodents and birds are 
important reservoir hosts of disease organisms, particularly rickettsias 
and viruses. As is true of mosquitoes, some species of ticks, including 
such important vectors as Omithodoros moubata and lilnpiccphabis 
sanguineus, have geographical strains or varieties that differ in habits 

and food preferences. . . 

According to Philip (1953) ticks are attracted by animal smells up to 
distances of at least 51) ft., and tend to collect along game trails. 
Ticks can be collected by dragging a muslin cloth over infested vegeta- 

tion or ground. r ..... 

The life histories of argasid and ixodid ticks differ principally in 
that the Argasidae, except Olohius (see p. 579). feed repeatedly as 
nymphs and adults, and lay their eggs in batches at intervals of weeks 
or months. Ixodid adult females, on the other hand, take a single 
enormous meal, after which they drop off the host and lay all their 
eggs at once, from several hundred for some species to upwards of 
18,000 for others, piling them up in elongate masses in front of them 
(Fig. 169, right). The process of converting the engorged blood into 
eggs and depositing them occupies several days. The eggs require 
from 2 or 3 weeks to several months to develop. Fggs deposited m 
the fall do not hatch until the following spring. Newly hatched ticks 
are called larvae or “seed ticks” and are recognizable by having only 
six legs (Fig. 177B). 



574 Introduction to Parasitology 

In the Ixodidae the seed ticks assume a policy of watchful waiting 
until some suitable host passes within reach; often they crawl up on 
a blade of grass or a twig to reach a strategic position. Seed ticks 
must be imbued with almost unlimited patience, since in many if not 
in the majority of cases long delays must fall to their lot before a suit- 



Flg. 169. Left, engorged tick (Demulcent or ). Bight, cattle tick. Boophllus 
annulatus, laying eggs (adapted from Graybil), Farmers Pull., 1912.) 


able host comes their way, like a rescue ship to a stranded mariner. 
The larvae of some species survive unfed for a year or longer. The 
jarring of a footstep or rustle of bushes causes the ticks instantly to 
stretch out to full length, feeling with their clawed front legs, eager 
with the excitement of a life or death chance to be saved from star¬ 
vation. 

If success rewards their patience, even though it may be after many 
days or weeks, they feed for only a few days, becoming distended with 
blood oul then dropping to the ground again. Retiring to a concealed 
place they rest for a week or more while they undergo internal reor¬ 
ganization. Finally they shed their skins and emerge as eight-legged 
but sexually immature ticks known as nymphs ( Fig. 176C), distinguish¬ 
able from female' by absence of the genital aperture and of porose 
areas on the basis capituli (Figs. 167C, 170). The nymphs climb 
up on bushes or we* ds and again there is a period of patient waiting, 
resulting either in starvation or a second period of feasting. Once 
more the ticks drop to the ground to digest the meal, transform, and 
molt, this time becoming fully adult and sexually mature. In this 
condition a host is awaited for a third and last time, and if again 
successful the females search for mates, copulate, and begin on their 
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final engorgement, which results in distending them out of all pro¬ 
portion. Some ixodid females commence feeding before mating, but 
fill up more rapidly after mating. Some species of Ixodes which live 
on hosts with fixed lairs copulate before finding a host, and in such 
species the male is often not parasitic at all and may differ markedly 
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Hyalomma 


Haemaphysalis 
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M E°°3 oij ^ 

Hode. Amblyomma Boophilu. Dermacentor 

Wr.er teu.es 

"c.p accessory plate; Ymcc, fibres. c.pit.diameter- 

Plate; pg.p prcgen.lal plate. ^ > ,,r basi . s t ,,pituli. ! Adapted from 

istic of various genera; note porosi .irc.is 
various authors.) 

from the female in the reduced structure of its hypostome. The males 
usually die shortly after copulation. Most ticks, it will be seen, spend 
more time off their hosts than on; Ixodes ricinus spends only about 
3 weeks of its 3 years of life on its hosts. Although some ticks can 
reproduce parthenogenetically, males appear not to be entirely dc trap 
This, in general, is the life history of ixodid ticks, but it is subject 
to considerable variation in different species. In many species there 
are two nymphal periods instead of one. In some species one or both 
molts take place directly on the host, thus doing away with the great 
risk of the ticks being unable to find a new host after each successive 
molt, but the majority have not yet discovered the tremendous advan- 
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tage of molting on the host. According to the number of times ticks 
risk their future by leaving their host to molt and then seeking new 
hosts, they are called one-host, two-host, or three-host ticks. The 
most important asset of ticks to counterbalance the disadvantage of 
having to find new hosts is their extraordinary longevity. Larvae of 
ticks, as noted above, may live a year or more without food, and 
adults have been kept alive in corked vials for 5 years. Although 
ixodid ticks are little troubled by inhospitable actions on the part of 
their hosts, in Africa tickbirds or oxpeckers ( Bucephalus ) dispose of 
great numbers of them. 

The Argasidae differ in that they inhabit the homes of their hosts 
instead of the hosts themselves, and are seldom dropped in the 
inhospitable outside world. The eggs laid in batches number hundreds 
instead of thousands—a safe condition since the young argasids, reared 
in the home of the host, are in a much more advantageous position 
than the progeny of Ixodidac, which drop off and deposit their eggs 
anywhere in the wanderings of their host. The Argasidae lead more 
regular and less precarious lives. 

The larvae of Omithodoros moubata and O. savignyi of Africa molt 
and become nymphs a few hours after hatching, before partaking of 
their first meal. This is not true of the American species, however, 
which start looking for a place to drill almost at once. In some species, 
e.g., talaje , the larvae remain attached to a host for several days, but 
in others, e.g., turicata , they stay on only 10 minutes to a few hours; 
this is always true with the nymphs and adults, which can become 
distended like berries in this time. The nymphs may feed once or 
several times between molts, and may molt two to five times. The 
adult females, except Otobius, indulge in one or more gluttonous 
feeds between the layings of batches of eggs. Otobius does its last 
e ngorging as a second-stage nymph; the adults are not parasitic and 
have a toothless hvpostome ( Fig. 16SD). During and just after feeding 
most species exude fluid from a pair of coxal glands opening just 
behind the first coxae, enough to bathe the ventral surface of the tick 
and contaminate the bite with organisms contained in it. Egg laying 
begins a week to several months after mating and feeding. The 
minimum time to reach the adult stage varies from 3 to 12 months. 
Ac u may survive 5 to 12 years, including several years of starvation. 


Classification, and Important Species 

Classification. Both Argasidae and Ixodidae contain numerous 
cnscase transmitters and many others that are troublesome on account 
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of the painfulness or subsequent effects of their bites. The family 
Argasidae contains four genera. Argus. Omilhodoros, Olob,us, and 
Antricola, whereas in the Ixodidae there are about a dozen genera and 
about 500 species. The following table gives the principal distinguish¬ 
ing characters of the genera which are of interest as parasites of man 
or domestic animals. 


Argasidae. No dorsal shield; capitulum ventral; segments of palpi 
movable (see Figs. 167. 168 and 1*1) . . i cuticle 

Dorsal and ventral surfaces demarcated by a ^ j 
with small circular discs but without distinct protuberances (F.g^ 

Margins' ’of body no, clearly demarcated ", diA-mtiaU-,1. c,iti<Jc 
warty, with ridges or other types of distinct protuberance^,Ftgs.^ 
17 ID, 172, 174) 


1 . 


2 . 



H, 171 A and B, A'** 

. . .* <— -> - *-"• 

absent in latter. 


3. Same as Omilhodoros but body of nymphs spiny; adults not parasitic^ 
(Fig. 171D) . 

Ixodidae. Dorsal shield present; capitulum anterior; palp, rigid (see 

le .^alpoLlein front of anus, horsesh^like; scutum ujonude; abdo¬ 
men not festooned, long month parts; no c>es, male with n,^ 
ventral plates 

lb. Anal groove behind anus or absent 

2a. Palpi longer than width of capitulum 

2b. Palpi shorter than width of capitulum , 

3a. Scutum inornate; 2nd and 3rd segments of palp, almost W " 
with 2 pairs of ventral plates; festoons present 


<U W to 
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F.g. 172. Specie* and details of Ornithocloros and Otobius: A, O. turienta; 
n O. nulls; C, O. tahlfcs /> Ob bius mccnini. nymph; K, F, and C.\ first leg of 9 
<1 ( fur: rata, O. nubs, mil O. talafe, respectively; //. anterior end of O. tala fa; 
/. v ntra view of O. eoriaccus. (7i and C adapted from Bntmpt, Precis tie 
‘ 1919. D, iflcr Marx from Banks, r. S. Bur. Bnt. Tech. 

' ' ■ ‘ * r; aftcr Cooley and Kohls. Am. Midland Natural!* Mon. 1, 


3£>. 


4</. 

4b. 

5a. 

5/>. 

6 a. 


Scutum ornate; 2nd segment of palpi elongated; males without 

toot lied P alCSi h » ,rcsoi,l i 0,,1 > distal half of hypostome 

. , , , Amblyommn 

Anal groove absent or very indistinct; r.o festoons; male with 2 pairs 
of ventral shields 1 5 

Anal groove distinct; festoons present 6 

Palpi ridged; legs of male normal Boophilus 

Palpi not ridged; segments of male legs beadlilte Marearopus 

Ornate; first coxa deeply cleft (Fig. 173); basis capituli rectangular; 
second joint of palpi longer than third; male without ventral shields, 
but With festoons Dermacentor 
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6b. Inornate .. basjs capi ,uli rectangular; 

7a. Palpi conical. ^ velltra l shields Haemaphyalu 

first coxa not deepl\ deit, ma i ni ,i >0 .,t equal; basis 

7b. Palpi not conical. 2nd ami 3rd segm ^^(1 mjle vvith one pair 
capituli pointed at sides; first c< \. 1 Rhipicephalus 

of ventral shields 



>■• ,-lvr .»• 





Flfl . 173. Details of species of 

parumapterus; H. same of D " n< <,s ‘ ’ f p audcri0 ni; F. sa.m- of P. variabilis; 
of D. occidental*; E, spiracular plak o» U. a 171.) 

C, same of D. flfefpicfu,. (Adapted from Coole>. 

1 ppnera of Argasidae. The genus Argris 
Important species and gen pe rsicus (Fig. HI) is a 

is primarily parasitic on hires an >*^ q * thc worU i, and transmits 

*“'>■ *'»■""" 

x- jets ~ 

western United States an M • nymp l ls remain attached to 

tick has nonconformist habits. ^,/J th ildren. for months, 

the ears of domestic animals. ‘ without feeding again, 

and then drop off. molt, mate, an ^ c ics of thick podlike 

The genus OrMoros contains ab < ^ 

ticks, oval or elongated . $ k „ t , K . rv . mud-colored, and 
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These ticks attack mammals primarily. Some species live largely on 
rodents and other small mammals, some attacking man and domestic 
animals much more readily than others. About a dozen species confine 
their attentions to bats. O. moubata (Fig. 174) in Africa habitually 
lives in human habitations, but a number of others enter with rats or 
other animals, and then may bite the human inhabitants. 




Fig. 174. Ornitbodoros moubata, dorsal and ventral views. (From drawings 
supplied by I loogstraal.) 


Some species of Ornitbodoros , e.g., O. coriaceus of California, cause 
painful and serious bites, but these ticks are particularly important as 
transmitters of relapsing fever (see p. 221). Ornitbodoros ticks can 
also harbor and transmit a number of other diseases, e.g., leptospirosis, 
various rickettsial diseases, Q fever, tularemia, and virus encephali- 
tides. The species of importance in connection with relapsing fever 
are discussed further under "Ticks and Relapsing Fever." Since these 
ticks arc so important as potential transmitters of relapsing fever all 
over western North America, from Mexico to British Columbia, a key 
for the identification of important American species is given here. 


Key to Important American Species of Ornitbodoros 

la. Two pairs of eyes present; first coxa distinctly separated from others 
(Fig. 172/. 172//); large irregular depressed areas on back lacking 
tubercles; 9 up to 9 mm. long; Southern California and Mexico 

coriaceus 

lb. No eyes; first coxa barely, if at all. separated from others; small disc¬ 
like or irregular areas without tubercles; length of 9 5 to 7 mm. 2 

2a. A pair of movable cheeks (Fig. 172//) at sides of camerostome 
(talajc group) 3 
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2b. No movable checks at sides of camerostome . , , 

3a. Tubercles coarse; numerous irregular areas without tubercles g. 
172C); no marked distal hump on tarsus 1; Mexico and Central and 
South America, sporadic all over the United States tala,c 

3b. Tubercles small; a few small disclike areas without tubercles (Fig. 
172B); a distal hump on tarsus 1; Panama and northern South 
America; principal relapsing fever vector ... those sections 
4a. No cheeks; hood of eapitulum projects beyond anterior end of body _ 

(Fie. 172A) (turicata group) . , 

4b. Cheeks are rounded ......movable flaps at sides of ci y"erostome; 

hypostome very small 1145 long.; tubercles very fine ' gh moun 
tains west of Continental Divide Anzona to Idaho, also ... eastern ^ 
Colorado- vector of relapsing lever 
5a. Tubercles in mid-dorsal region about W Per ‘near mmi.: I'Vl™ 

over 600 . long. Southwestern U S. and Mcs.co nor,., to Kansas.^ ^ 
and Florida: vector of relapsing lextr 

5b. Tubercles in mid-dors .I .eg . ..bout !S P . r '.near m,m; h>'£" 

400 „ long or less; Wyoming and \\ ..slung,on; probably 
relapsing fever 

Important genera and specie, of Kodidae. Numerous species of 
tile family Ixodidae occasionally attack man but few l.ab.tually do so. 
Species belonging to a number of different genera are concerned 
transmission of many important human and animal diseases and th 
the causation of tick paralysis. Some of the commoner and more 
important pests of man and animals consist o t » ° "ssing. 

Ixodes. Although most species are parasites of small mammab. 
/. rlclnus, the castor bean tick of Europe and As,a feeds almost - 
discriminatcly, but in all its stages is a pest o cattle ami steep. 
stage feeds for a few days once a year, usually m the sprmg; the r. 
of its 3-year life cycle it jus. rests ami digests, until at the end , 
has to convert its las, vast meal into se veral thousand eggs. Other n - 
portant species are /. pcrsulcatus it. northern Asia and /. holocyclus 

AnMyo.onu, The numerous species have a world-w.de Astr.bu- 
lion. A. amcricanus, the lone star tick, so-called because of the s.ngl. 
white spot on the scutum of the female (Fig. 175) .s the commonest 
tick infesting man in the south central states. , also attacks rabbds 
dogs, and large mammals in all its stages, and less frequent y other 
mammals and large birds. A. cajcnncnsc is a common pest of domcst.c 
animals and man from southern Texas to Argentina. A. macidatwn, 
the Gulf Coast tick, like the majority in this genus, attacks birds or 
rodents in its early stages, but large mammals, including man occasion¬ 
ally, as an adult. It is especially common on the cars of cattle nv here 
its bites often attract scrcwworms (see p. 776). Of the many species 
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in the Old World, A. liebraeum of South Africa and A. variegatus of 
tropical Africa are particularly common pests and disease transmitters 
of large mammals. 

Hyalomma. The tough, hardy species of this genus, confined to 
the Old World, can survive in hot arid regions where most ticks, sturdy 

as they are, find life too difficult. 
As adults they live primarily on 
large mammals, but in their early 
stages they feed on birds, rodents, 
and hares as well, from which they 
acquire many kinds of rickettsias 
and viruses for which these birds 
and mammals are reservoirs. When 
man or animals stop nearby, young 
adults, freshly molted from nymphs, 
come rushing from beneath every 
shrub. Hoogstral (1956) thinks 
these ticks, because of their nasty 
bites and efficiency as disease vec¬ 
tors, may rank among the most 
important ectoparasites of domestic 
animals in the entire world. 

Rhipirephalus. Most of the 46 species of the “brown ticks” are 
African, but a few occur in southern Europe and Asia and one, R. san¬ 
guineus, distributed on its dog host, is almost cosmopolitan. Most 
species have rather wide host ranges, mostly on mammals, but there are 
a few exceptions, e.g., R. distinct us which confines its attentions to 
hvraxes. R. sanguineus feetls most frequently on carnivores and rab¬ 
bits, largely neglecting ruminants and man. It is strangely attracted 
to habitations shared by man and dogs, whether it be an African hut or 
a Texas manor. However, except in the Mediterranean region where 
it transmits houtonneuse fever, it rarely bites man. This is fortunate 
since this species \ ies with Dermacentor andersoni in the number of 
disease agents it can harbor or transmit. In Africa R. appendicidatus 
is a particularly important pest of cattle, not only being the chief vector 
of deadly East Coast fever (see p. 19S) but also predisposing its hosts’ 
cars to bacteri >1 and screwworm infection. R. l)tirsa is one of the 
more important pests of domestic animals around the Mediterranean 
and in Asia. 

tincmaphysnlis. These small ticks especially abundant in Asia and 
Madagascar are mostly parasites of small mammals and birds. They 
arc important as disease vectors among reservoir hosts; e.g., in North 



Fig. 175. Amblyomma amcrtcanum, 
lone-star tick. A, male; li, dorsal 
shield and cnpituluin of female. 
(Adapted from Cooley and Kohls, ]. 
Parasitol., 30, 1944.) 
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America H. leporispalustris, keeps spotted fever going among rabbits, 
in Africa H. leachii plays a similar role for tick typhus (see p. 5S9), 
and in Australia H. humerosa distributes Q fever among bandicoots 
(see p. 590). H. concinna is reported as a tick typhus vector in east¬ 
ern Siberia. 

Boophilus. The three species in this genus are one-host ticks that 
feed primarily on cattle, less frequently on other large herbivores. 
The device of staying on one host from larva to adult, oddly, has been 
discovered by only a few other ticks. In spite of its tremendous bio¬ 
logical value, this habit, plus close host specificity, boomeranged for 
B. annulatus, for it made possible the extermination of this species, and 
this species alone, in the United States (see p. 595). B annulatus 
still survives in the West Indies and Mexico and in the Mediterranean 
region, where it was introduced. B. microplus is found in tropical 
areas in America, Africa, Asia, and Australia, and B. decoloratus in 
Central and South Africa. 

Margaropus. A/, winthemi , the beady-legged winter horse tick is 
a pest of horses, and less frequently other large herbivores, in South 
Africa. 

Dermacentor . This genus contains species of prime importance to 
man in the United States. D. andersoni and D. variabilis are important 
transmitters of spotted fever. D. andersoni has been referred to as a 
“veritable Pandora's box” of disease-producing agents, among which, 
besides spotted fever, arc anaplasmosis, tularemia, brucellosis. Sal¬ 
monella enteritidis, a bacterial “moose disease," Q fever, Colorado tick 
fever, and several forms of virus encephalomyelitis. Many of these 
can be transmitted by D. variabilis also, and both species can cause 
tick paralysis (see p. 585). D. sylvarium of Siberia transmits a rickett¬ 
sial disease and a virus encephalitis, and D. marginal us of Europe and 
Siberia transmits piroplasmosis of dogs and horses. (Figs. 176, 1. f.) 

The species are largely confined to North America, Europe, and 
Asia. Most species, including the “wood ticks,” D. andersoni, D. varia¬ 
bilis, and D. occidentalis in the United States, attack rabbits and 
rodents in the larval and nymphal stages, and rabbits and large mam¬ 
mals as adults, but D. albipictus is a one-host tick of large mammals. 
The following is a key to North American adult Dcrmacentors accord¬ 
ing to Cooley (1938). 


Key to Important Species of Dermacentor in North America 

la. Spurs on coxa I widely divergent (Fig. 173A); southwestern United 
States, mainly on rabbits; a possible transmitter of spotted fever 
among rabbits parumapterus 
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Fig. 176. Spotted fever tick. Dcrmaccntor andersoni, <5 and 9, X 12. 

1 b. Spurs on coxa I with proximal edges parallel or a little divergent 

(Fig. 173B) 2 

2a. Spirncular plate oval, without dorsal prolongation and with goblets 
(bead-like structures under spiracular plate) few and large (Fig. 
173G); widely distributed in North America, a one-host tick, mainly 
on deer, etc.; probably not concerned with spotted fever, though an 
experimental vector albipictus 

2b. Spiracular plate oval, with dorsal prolongation (Fig. 173E, F), and 
with goblets many or of moderate numbers 3 

3 a. Caudal projections from postero-lateral angles of dorsal side of basis 
capituli (cornua) long (Fig. 173C); west coast, southern Oregon; 



Fig. 177. Development of spotted fever tick. Dcrmaccntor andersoni; A, eggs; 
B, larva; C, nymph. x30. 
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larvae on rodents, adults on horse, deer, sheep. * 

known carrier of tularemia and a suspected one of spottedjever ^ 

3 b. Cornua short or of moderate length (Fig. \*oD) 4 

4a. Spiracular plate with goblets very numerous and^smal < F, «j 

eastern N. A., west to eastern Montana and central Texas. also \\ s 
cm California- larvae on rodents, adults on many large animals but 
principally dogs; a transmitter of spotted fever and tularem.a, expenj^ 
mental vector of anaplasmosis ._ , c . 

4b. Spiracular plate with goblets moderate in /'“XcrnNWMesiSi 
173E); northwestern North America, south to northern . • , 

and Arizona west to Sierras and Cascades, east to western Dakotas 
and western Nebraska, scattered records on west coast: larvae |>n 
small rodents, adults .... all sorts ol arge .... mm. Is. s.c or 
Mountain spotted fever and other diseases (see p. o91) 


Injury from Bites 

The wounds made by ticks, especially if the capih.lum is torn off 
in a forcible removal, arc very likely to become > 11 i ected and esuIt m 
inflamed sores or extensive ulcers, not ,nfre<,uentl> end.ng m blood 
poisoning. Some species seem more prone to do Ins than others. The 
senior writer was once nearly “done in by the b. e of a ' 

fornia. probably Dermacenlor occidental's, winch lias a bad rep - 

^ Ticks may also be the cause of a serious or even fatal anemia when 
present in large numbers. Such anemias have-been ° horsey 

moose, sheep, and rabbits. Jcllison and Kohls ... 1J3S ” ,d ’‘ “ 

to 80 or ...ore female D. andersoni ceding on rabbits * ddU them 
in 5 to 7 days. According to Scl.ul.ardl m 1940. rats exposed 
Ornitliodorus turicata in bis “Ucktorium” die after 3 hours exposute. 
Development of immunity to tick bites is d.scusscd on p. 5 - 9 , 

Ticks can usually be removed successfully by gentle puling 
sometimes the mouth parts of species of Ixodes and Amblyo mi£ 
which have long hyposton.es with ugly barbs. ...ay break off ... the 
flesh. If the tick is jerked off. the whole cap.tulum may ear off Most 
ticks will not let go even if touched by chemicals that kiU em- 
Repellents and aearicidcs for ticks are discussed on p. 59.. Appl.ca 
lion of a disinfectant should follow removal of ticks. 

Tick paralysis. More serious than the pa.nful wounds made by 
ticks is a peculiar paralyzing effect of tick bites, known as; t.ck paraly¬ 
sis. This effect is produced only by rapidly engorging female t.cks 
especially when attached on the back of the neck or at the base of the 
skull. In one case a ...ale tick was suspected, but tl.e evidence is not 



586 Introduction to Parasitology 

convincing. There is no evidence of any infective organism being 
involved. The cause of the paralysis is still obscure, but several investi¬ 
gators have obtained evidence that the eggs of ticks contain a highly 
toxic substance or that such a substance is formed during their develop¬ 
ment; it evidently makes its way to the salivary glands, since it is trans¬ 
mitted by the bites. Not all ticks produce the effect, but it is not 
limited to any one genus, nor does it extend to all the members of any 
one genus. In North America, Dermacentor andersoni and D. vari- 
abilis are responsible; in Australia, Ixodes holocyclus; in Crete, Ixodes 
ricinus and Haemaphysalis punctata (suspected); in Somaliland Rhipi- 
cephalus status, and in South Africa Ixodes rubicundus , Hyalomma 
transiens , and R. simus. In Russia Omithodoros lahorensis causes 
paralysis, but only when present in large numbers. Rhipicephalus 
sanguineus in Yugoslavia was found to contain the toxin. In one 
case in British Columbia, Haemaphysalis cinnabarina was incrimi¬ 
nated. 

Since the paralysis is not invariably produced even by ticks situated 
at the base of the neck, it is possible that the bite must pierce or come 
in contact with a nerve or nerve ending. The paralysis usually begins 
in the legs and may result in complete loss of their use; it gradually 
ascends during the course of 2 or 3 days, affecting the arms and finally 
the thorax and throat. Unless the heart and respiration are affected, 
recovery follows in 1 to 6 or 8 days after removal of the engorging 
female ticks, even though other ticks remain. If the engorging ticks 
are not removed, the affection may result in death from failure of 
respiration or in spontaneous recovery after a few days or a week. 
The disease as observed in Australia differs from the North American 
type in that improvement is less immediate after removal of the offend¬ 
ing tick. Paralysis of man and animals, particularly cattle, sheep, dogs, 
and cats, is frequent in northwestern United States and Canada. In 
South Africa sheep are paralyzed but human cases are doubtful. It is 
by no means certain that all cases reported in animals are true tick 
paralysis, since symptoms that might be confused may be caused by 
tick-borne infections—Babesiidae, Anaplasma, rickettsias, viruses, or 
bacteria. A ‘moose disease" in northern Minnesota and Ontario sus¬ 
pected of being tick paraylsis was seemingly due to a paralysis-causing 
bacillus, Klebsiella paralytica, harbored by the tick, Dermacentor 
albiptctus (see Wallace, Calm, and Thomas, 1933). Most human cases 
ax- m children and are most frequent in girls, whose long hair conceals 
attached ticks. Some of the cases are fatal. 
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Ticks as Vectors of Disease 

Ticks play an extremely important role as transmitters of disease to 
domestic animals and. fortunately to a somewhat less extent, to man. 
They are of outstanding importance in the transmission o organisms 
of six principal types; (1) spirochetes of relapsing fever. (-)i nckett- 
sias of spotted fever and related diseases of man and animals; (3) Babe- 
siidae, causing many diseases of prime importance to domestic animals 
(4) Pasteurella lularensis, the bacterium of tularemia; (o) Anaplasmc . 
and (6) filtrable viruses of several types, including some causing en¬ 
cephalomyelitis. The special relation of ticks to the diseases caused 
by these six types of disease agents is considered in separate sec 
below. In addition. Rldpiceplialus sanguineus and pr°babl> other 
are intermediate hosts for Hepatozoon cams (see p. 
infection when swallowed. Many ticks, both ixodids and 
harbor and transmit a bacilli of the genus Salmonella 
paratyphoid-like disease in rodents, and sometimes give tr bh n 
experimental animals. Species of Ornilhodoros can also harbor and 

transmit leptospiras (see p. 224). 

Ticks and Relapsing Fever 

Many, but not all. species of argasid ticks harbor and transmit spiro^ 

thodoros, except one strain that has become adapted to ‘ranmn io. 
by lice and has become independent of ticks (see p. 630). The carious 
strains of Borre/ia, all alike morphologically, differ 
and in their pathogenicity for particular hosts. and shou r ™"atans, 
vector specificity. With rare exceptions each vector harbors and Iran* 
mits its own strain of spirochetes and fails to transmU spnodwtes from 
other species. Even strains or geographically separated clone o o e 
tick species may differ in their ability to trai.sm. a certain strain o 
spirochete. Tins goes so far that souictimesclosely related *£*■'«“* 
ticks, e.g., O. luricala and O. parkeri in North America, ar. n o, 
readily distinguished by the spirochetes they harbor than 1 
morphological characters. On the other hand it was shoes 
Nieolle and Anderson in 1927 dial O. moubala, the trarrsnutU r of . 
severe Borrclia duttonii strain in Africa, is also capable of barbor.g 
and transmitting B. his,,anica and a rodent strain normally earned b> 
O. erraticus. The spirochetes, if acquired by a tick feeding on an 
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infected host, quickly disappear from the digestive tract and invade the 
hemocoele and all the tissues, where they may persist for life. That 
may be a long time, for these ticks can live for at least 7 years with 
food and for 5 years without it, and meanwhile may pass the spiro¬ 
chetes on to many hundreds of offspring. 

In most species, at least, the spirochetes are transovarially transmit¬ 
ted, so they may persist entirely independent of vertebrate hosts, 
although in some strains the percentage of transovarial transmission is 
low. Transmission to birds or mammals usually takes place directly 
by bite, but O. moubata adults commonly transmit the spirochetes via 
the coxal fluid, which it exudes copiously during feeding. In most 
species this fluid is not infective and in some it is absent. In some 
species transmission by feces may also be possible. 

The spirochetes of relapsing fever, in contrast to their extreme fin¬ 
ickiness about their tick hosts, are surprisingly indiscriminate about 
their vertebrate hosts, except that the bird strains do not infect mam¬ 
mals and vice versa. Probably most of the strains are capable of 
infecting man. The pathogenic effects of particular strains on partic¬ 
ular species of hosts, including man, vary from inapparent to very 
severe. Relasing fever is not a serious disease of any large mammals 
except man. Many species of birds are susceptible to infection with 
B. anserine, transmitted principally by Argos persicus and A. rcflextis; 
severe outbreaks occur among chickens, ducks, pigeons, and other 
domestic birds. 


Species involved. O. moubata , the eyeless tampan of tropical 
Africa and Madagascar (Fig. 174), is the only species of its genus 
which has. in some places, become domestic, living in floors, crevices, 
thatch, etc., of native huts and rest houses along routes of travel. 
There appear to be at least three biological races of this tick (Walton, 
195. ), one limited to cool, wet areas, feeding primarily on man and 
sometimes rats; one, with a wide range, feeding primarily on fowls; 
and one found in burrows of wart hogs, which has not been found 
infected with spirochetes. The spirochete transmitted by this tick, 
B. (futtonii, causes a particularly severe form of relapsing fever in man, 
will, numerous relapses; tins strain is also virulent for rats and mice, but 
hardly at all for guinea pigs. The closely related eved tampan, O. 
savigmji, ranging from India to South Africa, has not been found natu¬ 
rally infected. This outdoor tick is common under trees where camels 
or other animals rest, and sometimes buries itself in the dust of native 


bazaars. 


In 

of O. 


North Africa from Morocco to Tunis, and in Spain, a large race 
c milieus transmits a spirochete, B. hispanica, which causes spo- 
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radic human infections. The more widely distributed small race of 
this tick harbors a whole complex of spirochete strains which are rarely 
if at all infectious for man or adult guinea pigs, but very infective for 
small rodents and shrews. O. crraticus commonly lives in rodent bur¬ 
rows and sometimes in pig pens and fox dens; in the burrows it feeds 
on anything from toads and lizards to burrowing owls and porcupines. 
Ticks of this species taken from one locality may show all degrees of 
refractoriness or susceptibility to spirochetes from the same species in 
other localities, or sometimes even in other burrows (Baltazard. 1954 I. 

In the Middle East and western and central Asia O. tliolozani, pri¬ 
marily a parasite of bovids in all its stages, transmits another strain 
( B . persica) to man. The common and widely distributed sheep tick 
O. lahorensis is not a vector to man. 

In the New World, O. mdis (Fig. 172/*) enters human habitations 
with rats in Panama and northern South America, and transmits /*. vcn- 
ezuelensis. O. talaje (Fig. 172C). widely distributed in the United 
States, Mexico, and Central America and often confused with (>. mdis. 
harbors B. mazzottii in Mexico. It thrives on the blood of rats and 
pigs, but shows a definite aversion to that of man. so if it enters houses 
it seldom makes its presence known. In California O. hermesi 
inhabits the nest of chipmunks. These move into vacated mountain 
cabins during the winter and leave some of their spirochete-infected 
ticks behind when they move out as the summer residents return; the 
latter may come down with relapsing fever and have their vacations 
ruined. O. turicata, carrier of a strain. B. turicatac, which causes 
severe human cases, is distributed from Kansas to Mexico. It is an 
indiscriminate feeder, taking its blood where it finds it. In Mexico 
it has become semidomestic and frequents pigsties, abbatoirs, and 
thatched huts, hence often infects man. In Texas it haunts caves, 
where it promptly transmits relapsing fever to anyone venturing into 
them, and in Kansas it inhabits rodent burrows. 

With the few exceptions in which the ticks invade human residences, 
human relapsing fever results from intrusion upon the natural wild 
habitats. O. parkeri causes sporadic cases in the northwest woods. 
The vicious-biting O. coriaceus of southern California is not a vector. 
A key to the important species of Ornithodoros in North America is 
given on pp. 580-581. 

Ticks and Spotted Fever and Other Rickettsial Diseases 

General considerations. Tick-borne rickettsial diseases (see p. 
214), or tick typhus, as Megaw calls them collectively, occur in many 
Parts of both the Old and New World. A number of different strains. 
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or species according to some, are recognized by their immunological 
reactions and sometimes by their pathogenicity. Unlike the rickettsias 
of true typhus, the tick-borne varieties invade the nuclei as well as 
cytoplasm of the cells and so are placed in a separate subgenus, Derma- 
centroxenus. However both argasid and ixodid ticks can also transmit 
epidemic and endemic typhus; apparently bovid animals and their 
ticks serve as a reservoir for R. prowazekii in the tropics (Reiss- 
Gutfreund, 1956), and may constitute the original source of the louse- 
borne and flea-borne strains of typhus rickettsias (p. 216). Another 
rickettsia, R. pavlovskyi , which causes severe kidney damage ( nephroso- 
nephritis) has been reported in several areas in the Soviet Union. It 
has been recovered from patients, rodents, and a number of ecto¬ 
parasites, including trombiculid and blood-sucking (gamasid) mites 
(see p. 215), and fleas as well as several species of ixodid ticks. It 
is said to be transovarially transmitted in both the ticks and the 
gamasid mites. Various atypical rickettsialike organisms (see p. 216) 
such as Ehrlichia canis and E. bovis , affecting dogs and bovids 
respectively; Coxiclla burnetii of Q fever (p. 217); Cowdria ruminan- 
tittm of South African heartwater fever (p. 217); and various other 
diseases involving rickettsialike organisms of uncertain relationships 
have been found, e.g., Bullis fever in Texas (p. 218). 

The principal recognized forms of tick typhus, due to species or 
strains of Dermacentroxenus , are (1) spotted fever in North and 
South America, and probably Siberia, caused by R. rickettsii; bouton- 
neuse fever around the Mediterranean and the same or a very closely 
related disease, called tick typhus or tick-bite fever, in tropical and 
South Africa and south and central Asia caused by R. conorii; North 
Queensland tick typhus, caused by R. australis. These diseases are 
characterized by a severe rash or blotching of the skin, including face, 
palms, and soles; headache; body pains; fever; and a positive Weil- 
Kelix reaction, i.e., agglutination of 0X19 or 0X2 strains of Proteus 
by the scrum of infected persons or animals. In the Old World forms 
there is usually a buttonlike black ulcer (eschar) at the site of the 
infective bite, hence the name boutonneuse, French for buttonlike. 

Spotted fever and its vectors. This disease has long been known 
as a common and dangerous infection in the Rocky Mountain region 
of northwestern United States and Canada, especially Montana and 
Idaho. Cases occur more sporadically in other parts of the United 
States, particularly on the Middle Atlantic coast. In Maryland alone 
nearly 1000 cases were reported in the 20 years from 1931 to 1950, 
with 10 r /t mortality. An immunologically indistinguishable disease 
occurs in northern Mexico, Colombia, and Brazil. 
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The disease is transmitted by the bites of ticks, but it takes about 
2 hours of attachment before transmission is successful. The rickettsias 
in this as in other forms of tick typhus invade all the tissues of the 
ticks, and can be transovarially transmitted. Only a minority of the 
eggs are infected, all producing infected ticks. To keep the infection 
going in nature, however, transmission from tick to tick via infected 
mammals appears to be necessary as well. The infection is inoculable 
into rabbits and numerous rodents, but it is a curious fact that it has 
never been isolated from wild hosts, and only a very small percentage 
of ticks is found naturally infected. The distribution of spotted 
fever in northwestern United States corresponds closely with that of 
the cottontail rabbit. Sylvilagus nuttaUi . and cottontails occur in other 
spotted fever areas, and since rabbits are the only hosts fed upon by 
the vector to man in the northwest, Dcrmaccntor andersoni m all 
stages of its life cycle, suspicion attaches to them as important 
reservoirs of the disease. In eastern United States, however. Price 
(1954) considers the meadow mouse {Micro I us) the most important 
reservoir host. Dogs may also be involved since they harbor "‘ap¬ 
parent infections, as they do of boutonneuse fever. Strains of ft. 
rickettsii vary from very low to very high virulence; apparently this 
depends on the vertebrate rather than the tick hosts from which the 
organisms are derived; repeated passage through rabbits seems to 

lower virulence. . 

The only vector to man in the northwest is Dcrmaccntor andersoni, 
but this infection is kept going among rabbits by several ticks 
including the two rabbit ticks. Ilacmaphysalis Icporispalustns and 
Dermacentor ,uirumapterus , and also Ornillw,loros parkcri. In eastern 
and southern states the principal vector is Dermacentor larmblhs, ... 
Texas and Oklahoma, Ambhjomma amcrtcanum, and perhaps Rlnpi- 
cephalus sanguineus . in Mexico probably llhipiccphalus sangumeus 
and Ornilho,loros n Icollei; and in South America. Ambhjomma caten¬ 
ae,,se and A. striatum. On the west coast of the United States a few 
cases of spotted fever have been found within the domain of Derma- 
centor occidental is. 

Dermacentor andersoni and D. variabiiis. These are excellent 
transmitters of spotted fever because in their larval and nyinphal 
stages they feed on rodents and rabbits, but as adults attack large 
mammals, including man. D. andersoni (Fig. 176) is a handsome 
reddish-brown tick with the dorsal shields conspicuously marked with 
silver. The six-legged larvae (Fig. 177/1), of which there are about 
5000 in a brood, although feeding on many small mammals, show 
some preference for squirrels, attaching themselves about the head 
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and ears. After a few days the larvae drop, leisurely transform into 
nymphs (Fig. 177C), and again attack rodent or rabbit hosts. After 
dropping off these and transforming into adults they lose interest in 
the small mammals; but now seek large mammals such as horses, 
cattle, deer, etc., and man and dogs as well. The entire life cycle from 
egg to eggs takes 2 to 2»/ 2 years. The winter is passed in either the 
nymphal or adult stage. 

D. variabilis and D. occidcntalis have similar life cycles. D vari- 
abilis exhibits a preference for meadow mice (Microtus) and white¬ 
footed mice ( Pcromyscus ) in its immature stages, and for dogs in its 
adult stage. A key for the differentiation of the important North 
American species of Dcrmacentor, with geographic distributions, is 
given on pp. 583-584. 

Amblyomnui americanum and A. cajennense. These ticks (see 
p. 588 and Fig. 175), unlike the dermacentors, bite man and larger 
animals in all their stages. This probably accounts for the multiple 
family infections that sometimes occur where these ticks are involved, 
for the nymphs may be present in immense concentrations in small 
areas, including many infected ones. In contrast, by the time an 
infected brood of dermacentors gets around to biting man as adults 
they are scattered far and wide, and most of them are dead. 

Boutonneuse fever and “lick typhus.” Tick-home typhuslike 
diseases, caused by Rickettsia conorii and perhaps other species or 
strains of Rickettsia, occur in many parts of southern Europe, Asia, 
and Africa. These diseases are transmitted readily by Rhipicephalus 
sanguineus and certain other ticks but not, experimentally, by Derma- 
ccntor andersoni. In central Asia and Siberia "tick typhus” is trans¬ 
mitted by dermacentors ( D. nuttalli and D. sylvannn), with marmots 
and Microtus suspected as reservoirs, this strain of the disease may 
be closer to spotted fever than to boutonneuse fever. The rickettsia 
involved has been named R. sibirictis. In eastern Siberia llacma- 
physalis concinna, also, is said to be a vector for this infection. In 
Africa south of the Sahara there are potential transmitters of tick 
typhus in practically all ecological situations. The dog ticks, Rhipi- 
cephahis sanguineus and Haemaphysalis leachii, both of which attack 
wild rodents in their early stages, play leading roles since rodents, 
especially ground squirrels, are probably the prime reservoirs in nature, 
and dogs, with inapparent infections, constitute a link between the 
rodents and man. R. appcndiculatus and R. simus , both with wide 
host ranges, and Amblyomma hebraeum in its immature stages, also 
participate as vectors. 

l ick typhus of Queensland, caused by Rickettsia australis, is trans- 
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mitted by Ixodes holocyclus; Ehrlichia canis (see p. 216) of dogs, 
common in some parts of Africa and Asia, is transmitted by R. 
sanguineus. 

Another Rickettsia , producing a typhuslike disease (maculatum 
fever) in guinea pigs, has been isolated from Ambhjomma maculatum 
and A. americanum collected from cattle in Texas and Mississippi, 
and a related one from Dermacentor parumapterus from rabbits in 
the northwest. The organisms from A. maculatum are mild, those 
from A. americanum virulent. The interrelations of these various 
rickettsial infections are still very obscure, and much is still to be 
learned about the extent to which they are modified by passage through 
different vectors or development in relatively insusceptible hosts such 
as dogs, pigs, and cattle. 

Q fever. This rickettsial disease, caused by Coxiclla lmrnctn, was 
first discovered in 1937 in Australia where it is transmitted among 
bandicoots by Haemaphysalis humcrosa and from these animals to 
cattle and possibly occasionally to man by Ixodes holocyclus. A year 
later this infection was discovered in Dermacentor andersoni in Mon¬ 
tana. Subsequently it has been found to be widely distributed over 
the world, but strikingly absent from some countries. Small mamma s 
and birds may serve as reservoirs, as well as large domestic animals 
and poultry. In such animals it may be a very common though 
frequently overlooked infection, since it produces clinical illness only 

in man. . . 

Many ticks, of both families, may serve as vectors and transovarial 

transmission lias been demonstrated experimentally. However, unlike 
tick typhus, Q fever is not primarily dependent upon ticks for trans¬ 
mission. It is commonly transmitted among bovids through the 
placenta or by milk, and to man by raw milk, raw eggs, dust in 
laboratories or cattle sheds, handling carcasses, or even by con¬ 
taminated laundry. There is no direct transmission from person to 
person. Outbreaks may occur among stock handlers, or workers in 
dairies or slaughterhouses. 

Q fever is an influenzalike disease without a rash, causing fever, 
chest pains, and cough; in Europe it was called Balkan grippe or atypi¬ 
cal pneumonia. Cattle and horses acquire light or inapparent infec¬ 
tions, as do dogs and cats, but sheep and goats develop respiratory 
symptoms similar to those in man. Natural infection in the latter 
animals has been demonstrated by inoculation of milk into guinea pigs. 

Ollier diseases caused by rickettsialike organisms. A previously 
unknown rickettsial disease, first observed in a few cases at Camp 
Bullis, Texas, in 1941, seems now to be permanently established in 
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central Texas; it is known as Bullis fever. Rickettsias, said not to be 
related to those of either spotted fever or Q fever, were isolated from 
cases, and also from a naturally infected Ambhjomma americanum 
by Anigstein and Bader (1943). 

Heartwater fever is another disease caused by an organism related 
to Rickettsia , Cowdria ruminantium (see p. 215). It severely affects 
ruminants in South Africa, causing large accumulations of fluid around 
the heart. The principal transmitters are Ambltjomma hebraeum and 
A. variegatus. A disease resembling heartwater fever has been reported 
from goats in Dalmatia. Two species of the related genus Ehrlichia , 
one in dogs and one in cattle, are also tick transmitted. 

Tularemia and Other Bacterial Diseases 

Tularemia or rabbit fever is another disease of rabbits and rodents 
transmissible to man and many other animals, and widely distributed 
over the world. It is characterized by a local ulcer at the site of 
inoculation, enlarged and painful lymph glands in the vicinity, and 
such generalized symptoms as fever, prostration, general aches and 
localized pains, but it is rarely fatal. Symptoms may last for several 
months, and a lasting immunity develops. Diagnosis is made by 
inoculating material from the ulcer or inflamed glands into laboratory 
animals or by an agglutination test. Streptomycin is useful in treat¬ 
ment. 

The disease is caused by a bacillus, Pasteurella tularensis (see 
p. 220), closely related to the plague bacillus. It infects many mam¬ 
mals and even some birds; rabbits, ground squirrels, and small rodents 
are important reservoirs. Severe outbreaks have been reported among 
sheep, jack rabbits, and beavers. In Arkansas hunting dogs are com¬ 
monly infected by Ambhjomma americanum. Several foci have been 
reported in the Soviet Union where floods force voles above ground, 
and the disease is then transmitted to man both by ticks and biting 
Diptera ( see Pavlovsky et al., 1955; ref. on p. 34). Experimentally 
tularemia can be transmitted by many kinds of arthropods including 
lice, fleas, deer flies, and ticks, but the last are probably the primary 
transmitters among natural hosts. Haemaphysalis leporispalustris and 
species of Dermaccntor are the commonest transmitters among rabbits 
in this country. The ticks transmit the disease either by their bites 
or by fecal contamination of skin abrasions; mere handling of an 
infected tick and subsequent rubbing of the eye may cause infection. 
I he disease is also transmitted by contact and is frequently acquired 
by handling diseased animals, especially rabbits. In an epizootic 
among beavers and muskrats in Montana and Wyoming, there were 
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thirty-eight known human cases from handling these animals. A 
remarkable feature, still not adequately explained, was the pollution 
of all the water and mud in rivers and tributaries over a large area for 
a period of 16 months. In spite of this, human infections from drink¬ 
ing the water or swimming in it are few. In 1934 a water-borne 
epidemic was reported in Turkey. 

Another bacterial disease that Tovar in 1947 found ticks able to 
transmit is undulant fever or brucellosis, a disease commonly acquired 
from the milk or meat of infected animals. Ticks of several ixodid 
genera on cattle, and also Omitliodoros lahorensis, have been found 
naturally infected and the disease is said by Russian parasitologists to 
be conserved in these ticks between outbreaks. Small rodents may 
harbor this infection as well as tularemia. 

Ticks are not known to transmit other bacterial diseases to man. but 
some species, especially argasids, may harbor salmonellas. which they 
can transmit to laboratory animals, and perhaps among domestic 
animals (Floyd and Iloogstraal, 1956). These bacteria cause para¬ 
typhoidlike disease in rodents, and are a cause of food poisoning in 
man. D. albipictus has been found to harbor Klebsiella paralytica, 
associated with a "moose disease (see p. 556). However. Anigstein 
and his colleagues have shown that ticks contain a substance that 
inhibits the growth of many kinds of bacteria. 

Piroplasmosis 

The small blood protozoans belonging to the family Babesiidae 
(see p. 196) are the cause of numerous important diseases in domestic 
animals. To these the name “piroplasmosis' is generally applied, 
since the organisms were once named Viroplasma. Man is peculiarly 
exempt. 

Texas fever and other piroplasnioses. Texas fever or “redwater 
fever" (briefly described on p. 198) is of enormous economic impor¬ 
tance in cattle-raising countries. It was formerly prevalent in south¬ 
ern United States but has now been wiped out. Smith and Kilbourne 
hi 1893 set a milepost in history when they discovered its transmission 
cattle ticks, Boophilus annulattis. Since this is a one-host species, it 
“ obvious that a tick becoming infected on one animal would have no 
opportunity to infect another. It could not do so even if transplanted 
from one animal to another, for the organisms (Babesia hinemina) 
invade the eggs of the tick, and cyclical development takes place in the 
embryonic tissues of the developing offspring (see p. 198). Many 
other species of Babesia are known to infect ruminants, horses, pigs, 
oogs, and even poultry. The life cycles of the various species are 
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probably similar, since all of them are hereditarily transmitted in their 
tick vectors. 

All the species of Boophilus seem to be able to serve as intermediate 
hosts for the Babesia of cattle, sheep, etc. In Europe Ixodes ricinus is 
an important transmitter of B. bovis t and species of Hyalomma and 
Rhipicephalus have been implicated in North Africa and elsewhere. 
B. cams , causing piroplasmosis in dogs, is transmitted by R. sanguineus 
in the tropics, by Dermacentor marginal us (— rcticulatus) in Europe 
(this species also transmits a Babesia of horses), and by Haemaphysalis 
leachii in South Africa. According to Shortt, B. canis can be trans¬ 
mitted by subsequent stages of an infected tick as well as by its 
offspring. A related parasite of horses, Nuttallia equi (see p. 198), 
is transmitted by Dermacentor nuttalli and also by a one-host tick, 
Hyalomma detritum in the Old World. 

The Protozoa of the related genus Theileria (see p. 198), one of 
which causes the deadly East Coast fever of cattle in Africa, differ in 
their life cycles since they arc transmitted only by two-host or three- 
host ticks and never transovarially. Species of Rhipicephalus and 
Hyalomma savignyi are the principal transmitters of East Coast 
fever, whereas various species of Hyalomma and Boophilus annulatus 
are reported as vectors of a milder infection in North Africa and 
Turkey. 

Aegyptianclla pullorum, a protozoan inhabiting the blood corpuscles 
of chickens, ducks, and geese and believed to belong to the Babesiidae, 
occurs in southern Europe and Africa and is transmitted by Argas 
pnsinis. A similar organism has been reported from fowls in New 
York and Philadelphia. 


Ticks and Virus Diseases 


licks have been shown to harbor and in some cases to transmit a 
number of viruses infective for man and animals, but as Hoogstraal 
1 19o6 pointed out, their propensities in virus transmission constitute 
i vast, largely unexplored field for research. In the United States 
Demmccntoi andersoni can transmit western equine encephalomyelitis, 
and I), variabilis the St. Louis strain. In the Far East. Ixodes per - 
sal, atm is reported to be a carrier of Japanese B virus (see p. 229). 

Colorado tick fever, which causes a disease strikingly like dengue 
• Me p. *o(M. characterized by a diphasic fever, severe aches, and a 
marked leucopenia is widespread in western United States and Canada 
and has been reported from Long Island. Dermacentor andersoni y 
m which the virus is transovarially transmitted, is thus far the only 
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proved vector to man, but this virus has been isolated from several 
species of rabbit-feeding ticks. 

In northern Britain and Russia Ixodes ricinus transmits “louping ill.” 
a virus disease which attacks the central nervous system of sheep and 
other ruminants, and rarely man. In the Soviet Far East, a closely 
related virus causing “spring-summer encephalitis is commonly trans¬ 
mitted by Ixodes perstdcatus. The immature stages of this tick, like 
those of the dermaccntors, feed on rodents and birds, which serve as 
reservoir hosts for this virus. Human diseases caused by the same 
or another closely related virus, transmitted bv /. ricinus, have been 
reported from western Russia and Czechoslovakia. 

In various places in the Soviet Union human outbreaks of acute 
“hemorrhagic fever” occur where, under suitable environmental and 
ecological conditions, man is infected from reservoir hosts by particular 
vectors—e.g., in Crimea from hares by Ihjalomma marginatum; in 
Omsk from Microtus by Dermaccntor pictus; in Uzbekistan from 
rodents by Hyalomma anatolicum; etc. (Gajdusek, 1953). These are 
examples of Pavlovsky's "natural nidality" (see p. 23). Various 
“meningo-enccphalitis" viruses have been reported from various parts 
of eastern Europe, transmitted by /. ricinus and probably other ticks. 

In Kenya, the virus of Rift Valley fever (see p. 228) survives in 
ticks (R. appendiculatus) for a week after an infective feed. This 
tick is also a vector of Nairobi sheep disease, characterized by lever 
and severe diarrhea. 

Anaplatiinosis. This frequently fatal disease which causes fever, 
jaundice, and a very severe destruction of blood corpuscles in cattle 
and other animals, is characterized by .lotlike bodies in the blood cor¬ 
puscles, called Anaplasm,, (see p. 218). The disease is very com¬ 
monly associated with Babesia or Thcilcria infections, since the tick 
vectors often have double infections. It can be transmitted by at 
least seventeen species of ticks belonging to several different genera 
and also by the intermittent feeding of biting flies. It can also be 
transmitted by ticks to their offspring. 


Control of Ticks 

Argasids. The domestic O. moubata in Africa, like triatomids in 
South America, can be eliminated by improved housing and cleanliness, 
but in most places this is still a dream of the distant future. Mean¬ 
while spraying floors and walls (to a height of a foot or two) with a 
suspension of BHC may eliminate it for a year or more. Dusting with 
BHC or other chlorinated hydrocarbons or organic phosphorus com- 
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pounds is also effective. Since this tick is very much a “stay-at-home,” 
reinfection of cleared areas does not readily occur. Control of O. rudis 
involves rat elimination, and getting rid of O. hermsi demands exclusion 
of chipmunks. Dusting cracks in stone walls eliminates O. lahorensis, 
sometimes for over 2 years. Most other species of Ornithodoros need 
only to be left alone in their natural habitats. 

Argas can be eliminated from poultry houses by spraying walls, 
roosts, and litter with chlorinated hydrocarbons, or organic phosphorus 
compounds, or spraying creosote, turpentine, or crude oil into their 
hiding places. 

Against the eartick, Otobius megnini , Kemper (1953) recommends 
pine oil containing 1% lindane or 5% chlordane, 2 : 1 mixture of pine 
oil and cottonseed oil, or a ' pyridine-adhesive” remedy. These would 
probably be useful for other earticks as well. 

Ixodids. Ticks on domestic animals were formerly controlled by 
sodium arsenite dips (about 0.16%), which are still used to some 
extent, and by pasture rotation. By these methods and by federal 
quarantine the one-host cattle tick, Boophilus anmilatus , and with it 
Texas or redwater fever of cattle, was eliminated from the United 
States, although a few of these ticks persist on deer in a few places 
in Florida, and sometimes cross the Rio Grande from Mexico on cattle 
or doer. 


On animals sprays or dips of emulsions of chlorinated hydrocarbon 
emulsions, or dusts, can be used, but may be toxic on repeated 
applications and should never be repeated in less than 30 days. 
Methoxychlor is best for dairy cows, since it does not get into the 
milk. Unlortunatelv, ticks resistant to arsenic or BMC (not both) 
have appeared in some parts of the world; for these sprays of diazinon 
or malathion are useful, although these chemicals are too unstable 
lor dips. The effects of different chemicals vary somewhat not only 
with the species of tick but also with rainy and dry seasons. Sprays 
or dusts containing pyrethrins plus a synergist (see p. 533) are safe 
and effective, as they are for lice (see p. 632). 

Houses, kennels, and barns can be freed of ticks by spot-spraying 
harboring places with 5% DDT, 3% chlorinated hydrocarbons, or 
organic phosphorus compounds. 


On pastures, yards, etc., fairly good control effective for 6 to 8 
weeks can be obtained by spraying or dusting heavily with insecticides. 
For large areas, helicopters or planes are used. Dieldrin seems to be 
the most effective chemical for this purpose. 

Most repellents are somewhat less effective against ticks than against 
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insects; indalone and diethyltoluamide are the best skin repellents, 
and M 1960 best for treatment of clothing (see p. 537). 

Important current progress is being made in the use of silica 
aerogels. 


REFERENCES 

Anier. Assoc. Atlv. Science. 1941. A Sym/toslum on Relapsing Fever in the 
Americas. Publ. 18: 130 pp. Science Press, Lancaster. Pa. 

Anigstein, L„ and Bader. M. N. 1943. Investigations on rickettsial diseases in 
Texas, 1 and 2. Tex. Re,Us. Biol. Med., 1: 105-116. 117-140. 298. 3S9-I09. 
Banks, N. A. 1908. A revision of the Ixodoidea or ticks of the United States. 
U. S. Bur. Entomol. Tech. Bull. 15. 

Bcquacrt, J. C. 1945. The ticks or Ixodoidea of the northeastern United States 
and Canada. Entomologia Americana, 25: 73-120. 121-184. 185-232. 
Bishopp, F. C., and Wood, II. P. 1913. The biology of some North American 
ticks of the genus Dermacentor. Parasitology. 6: 153-187. 

Burgdorfer, W. 1956. The possible role of ticks as vectors of leptospirae. I. 
Exp. Parasitol., 5: 571-579. 

Burgdorfer. W., and Owen. C. B. 1956. Experimental studies on argas.d tickx 
as possible vectors of tularemia. I. Infectious Diseases. 98: 67-74. 
Burroughs, A. L.. et al. 1945. A field study of latent tularemia in rodents with a 
list of all known naturally infected vertebrates. J. Infectious Diseases, 

76: 115-119. t ^ : 

Cooley, R. A. 1938. The genera Dermacentor and Otoccntor in the l luted 

States. Natl. lasts. Health Bull. 171. . , 

1946. The genera Boopliilus. Rhipiccphalus and Haemaphysalis (Ixodidac) 
of the New World. Null. Insts. Health Bull., 187. 54 pp. 

Cooley, B. A., and Kohls. C. Nl. 1944. The genus Amblyomma (Ixod.dac) in 
the United States. J. Parasitol, 30: 77-111. 

1944b. The Argasidac of North America, Central America, and Cuba. .Am. 

Midland Naturalist, Monogr., 1: 152 pp. 

1945. The genus Ixodes in North America. Natl lusts. Health Bull. 184. 
Duvis, C. E. 1940. Ticks and relapsing fever in the tinted States. I ublu 

Health Rcpts., 55 : 2347-2351. , , 

Eklund, C. M. 1955. Distribution of Colorado tick fever and virus-carrying 

ticks. J. Am. Med. Assoc., 157 : 335-337. 

Florio. L.. and Miller. M. S. 1948. Epidemiology of Colorado tick fever. .Am. /. 
Public Health, 38: 211-213. 

Floyd, T. Nl.. and Hoogstraal, II. 1956. Isolation of Salmonella from t.ckx in 
Egypt. Am. J. Trap. Med.. 5: 388-389. , 

Fuller. II. S. 1956. Veterinary and medical acarology. Ann. Rev. Entomol.. 

1: 347-366. , _ . 

Cajdusek. D. C. 1953. Acute infectious hemorrhagic fevers and mycotoxicoscs 
in the U.S.S.B. Army Med. Sere Grad. School. Med. Sci. Publ. 2 Wash¬ 
ington. 



600 Introduction to Parasitology 

Gregson, J. D. 1956. The Ixodoidea of Canada. Dept. Agr. Canada Publ. 930. 

Hoogstraal, I!. 1956. African Ixodoidea, Vol. 1, 1101 pp. U. S. Dept. Navy 

Research Rept. NM 005-050. 29.07. 

Hooker, W. A., Bishopp, F. C., and Wood, H. P. 1912. The life history and 
bionomics of some North American ticks. U. S. Bur. Entomol. Bull. 106. 

Huebner, R. J., et al. 1949. Q Fever—a review of current knowledge. Ann. 
Intern. Med., 30: 495-509. 

Jellison, W. L., and Gregson, J. D. 1950. Tick paralysis in northwestern United 
States and British Columbia. Rocky Mt. Med. /., Jan. 1950. 

Kemper, H. E., and Peterson, H. O. 1953. The spinosc ear tick. U. S. Dept. 
Agr. Farmer’s Bull. 980. 

Nuttall, G. H. F., Warburton, C., and Robinson, L. E. 1908-1926. Ticks, A 
Monograph of the Ixodoidea. Pts. 1-4. Cambridge University Press, Cam¬ 
bridge. 

Parker, R. R., Kohls, G. M„ and Stcinhaus, E. A. 1943. Rocky Mountain spotted 
fever: spontaneous infection in the tick Amhltjomma amcricanum. Public 
Health Rcpts., 58: 721-729. 

Parker, R. R., Philip, C. B., Davis, G. E., and Cooley, R. A. 1937. Ticks of 
the U. S. in relation to disease in man. J. Econ. Entomol., 30: 51-69. 

Parker, R. R., and Stcinhaus, E. A. 1943. Salmonella cnteritidls: Experimental 
transmission by the Rocky Mountain wood tick, Dcrmaccntor aiulersoni 
Stiles. Public Health Rcpts., 58: 1010-1012. 

Parker, R. R.. et al. 1952. The recovery of strains of Rocky Mountain spotted 
fever and tularemia from ticks of the Eastern United States. J. Infectious 
Diseases, 91: 231-237. 

Philip, C. B. 1952. Tick transmissions of Indian tick typhus and some related 
rickettsioscs. Exptl. Parasitol., 1: 129-142. 

1953. Tick Talk. Sci. Monthly, 76: 77-84. 

Price, W. II. 1954. The epidemiology of Rocky Mountain spotted fever. II. 
Am. J. Hyg., 60: 292-319. 

Reiss-Gutfreund, R. J. 1956. Isolement de souchcs de Rickettsia prowazeki a 
parter du sang dcs animaux domestiques d l'Ethiopic et de leurs tiques. 
Bull. soc. pat hoi. exotique. 48 : 602-606. 

Stanbury, J. B., and lluyck, J. 11. 1945. Tick Paralysis: A critical review. 

Medicine, 24: 219-242. 

Stoker. M. G. P., and Marmion, B. P. 1955. The spread of Q fever from animals 
to man. Bull. World Health Organization, 13: 781-806. 

Wallace, G. J.. Calm. A. R.. and Thomas. L. J. 1933. Klebsiella paralytica, 
a new pathogenic bacterium from "Moose disease." J. Infectious Diseases, 
53: 386-414. 

Walton, G. A. 1957. Observations on biological variation in Ornithodoros mou- 
butn (Murr.) East African Bull. Entomol. Research, 48: 669-710. 



Chapter Lo 

BEDBUGS AND OTHER HETEROPTERA 


The order Hcmiptera; suborder Heleroplera. The suborder 
Heteroptera, comprising the true bugs, contains numerous spec.es 
most of which are predaceous or feed on plant puces, but some of 
which habitually or occasionally suck blood The most important of 
these are the bedbugs, which probably first became acquamted with 
man when he shared caves with bats and swallows during the Ice Age 
and which have since become fully domestic, to the disgust of good 
housekeepers all over the world. Also important are the conenoses 
(Triatominae); these are large, fierce bloodsuckers some spec.es o 
which have become habitual residents in human hab.tat.ons, and ... 
tropical America are the transmitters of Chagas disease. In add.t.on, 
not only the wild bloodsuckers but also many forms winch are 
predaceous on insects may inflict painful and even dangerous b.tes 
The Heteroptera have an incomplete metamorphosis the adult 
condition being attained gradually by successive molts of the nymphs 
(sc^ p. 526). The mouth parts 
(Fig 180. left) are fitted for piercing 
and sucking. There is a short labruin 
covering the bases of the mouth parts. 

The labium is in the form of a threc- 
or four-jointed beak bent hack under 
the head and thorax and grooved 
on the dorsal surface (ventral when 
bent under the head) to contain the styletlike mand.bles and maxillae. 
The maxillae are usually coarser and fit together to form two grooves- 
a large food channel and a small salivary duct. The hypopl.arynx 

and palpi arc absent. . . ....... 

The wings, except in those forms, like the bedbugs in which tin. 

are vestigial, are very characteristic; the first pair, called hemelytra, 
have the basal portion thickened and leathery while the terminal por¬ 
tion, which is sharply demarcated, is membranous (big. inc 



Fig. 178. A hetcroptcran wing 
(rcduviid). 
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second pair of wings are membranous and fold under the others when 
at rest. Many bugs have “stink glands” between the bases of the 
hind legs in adults or on the abdomen in nymphs which secrete a clear 
volatile fluid by means of which they emit a strong offensive odor. 


BEDBUGS (C/MfX) 

General account. The bedbugs belong to the family Cimicidae. 
They have broad, flat, reddish-brown bodies and are devoid of wings, 
except for a pair of bristly pads which represent the first pair of wings 



Fig. 179. Bedbugs. A, common Wdbug. Cimcx lectularius; li. Oriental or 
Indian bedbug, C. hemipterus. x 8. (Adapted from Ca.stellani and Chalmers, 
A Manual of Tropical Medicine, 1920.) 


(Fig. 179). The eyes project prominently at the sides of the head, the 
antennae are four-jointed, and the beak is three-jointed (Fig. 180). 
The legs have the usual segments, the tarsi being three-jointed. The 
prothorax is large, indented in front for the head, and has flat lateral 
expansions. The mesonotum is small and triangular, bearing the wing 
pads, which nearly cover the metanotum. The abdomen is flat, its 
contour an almost perfect circle in unfed bugs, but elongated in full 
ones; it has eight visible segments, the first two (of nine) being fused. 
In males the abdomen is pointed at the tip. whereas in females it is 
evenly rounded. The greater part of the body is covered with bristles 
set in little cup-shaped depressions. 
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Bedbugs have a peculiar pungent odor known to all who have had 
to contend with these pests; the adults have the stink glands situated 
in the last segment of the thorax, opening through a pair of ducts 
between the coxae of the hind legs. In the first four nymphal stages 
these glands are not present but are preceded by glands situated on 
the dorsal side of three of the anterior abdominal segments. The nasty 
odor of bedbugs has evidently inspired some faith in their medicinal 
value. Seven bugs ground up in water was said by Pliny to arouse 
one from a fainting spell, and one a day would render hens immune 



mand. 

max. 


max. 

mu 


to snake bites. Even at the present time there r, pl « n -' 
countries where bedbugs are given as an antidote lor ft or ; "«> ^ 
Species. The true bedbugs belong to the genus Cmex. but not all 
the species are human parasites; some confine their a«e'.hons ord- 
narily at least, to birds and others, to bats. There are two w.del d* 
tributed species that attack man; one is the common bedbug C. / < i 

larius, found in all temperate climates and somet.mes al o n 0 , 

ones; the other is the tropical or Indian bedbug, C. '•cm n (for 
merly rolumlalus). which is the prevalent species m the r H ; 
of the world. It is distinguished by having less marked bforal expan 
sions of the prothorax (Fig. 179). In west A r.ca ano«l " 
Leptocimex baud, attacks man; it is a silky-haired, long-legged bug 
with small rectangular thorax. 
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Some other Cimicidae may become nuisances under special condi¬ 
tions. The proverbially superclean housekeepers of Holland villages, 
for instance, are sometimes greatly chagrined to find bugs in their spot¬ 
less houses, the bugs being C. columbarius derived from pigeons nest¬ 
ing in the roofs. Similar temporary invasions by C. pilosellus of bats 
sometimes occur in dwelling houses, especially when the bats are 
driven away or migrate. The silky-haired bugs of the closely related 
genus Oeciacus , which live in swallows’ nests, also occasionally invade 
houses. The Mexican poultry bug, Haematosiphon inodora , is a re¬ 
lated species resembling a bedbug but having longer legs, no odor, 
and a very long beak that reaches to the hind coxae. It is often a 
serious poultry pest in the dry parts of the southwest and sometimes 
invades houses and torments man. The Mexicans sometimes abandon 
or burn their huts to escape from them. 

The interhostal traffic in bedbugs is not by any means a one-way 
affair, for the nests of sparrows and starlings, the burrows of rats, the 
attic roosts of bats, and also chicken houses and pigeon cotes are often 
invaded by hungry bugs that have been abandoned by their human 
sources of blood. The sparrows and starlings may frequently be a 
means of starting new colonies in other houses, but bats, contrary to 
popular opinion, probably rarely do, since they are not much given to 
visiting. Bugs found under bark and moss out of doors are not bed¬ 
bugs but immature stages of other bugs that superficially resemble 
them. 

Following is a key for the differentiation of the commoner Cimicidae 
likely to invade houses in America: 

',n Beak short, not extending behind first coxae (Fig. 180) 2 

;/> !»< ik i< Mg. extending to hind coxae; legs long; no odor; on poultry in 
southwestern United States Haematosiphon inodora 

* a. Body h.iirs short, set in sockets only on dorsal side; pronotum deeply 
oncave in front; third and fourth joints of antennae markedly slender 
(Citncx) 3 

>>. Body hairs long and silky, set in sockets on ventral side also; pronotum 
not deeply concave; terminal joints of antennae only slightly more 
slender than basal joints; in nests of swallows; L. 4 mm. 

, Oeciacus vicarius 

oa. Second and third joints of antennae about equal, third longer than 
fourth; L. 4 mm.; on bats Cimcx pilosellus and C. adjunctus 

>b. Second joint of antennae shorter than third 4 

4(1 • Lateral parts of pronotum with flat lateral expansions (Fig. 179A); in 

bouses in temperate climates; L. 5 to 6 mm. C. Icctularius 
M>. Similar but smaller, rounder; shorter and coarser antennae; prothorax 
less concave in front; in pigeon houses (doubtful if a distinct species) 

C. columbarius 
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4c. Pronotum rounded to margin on dorsal side (Fig. 179/1); in human 

houses in tropics; L. 5 to 6 mm. C. hemipterus 

Habits. Bedbugs are normally night prowlers and exhibit a con¬ 
siderable degree of cleverness in hiding away in cracks and crevices 
during the daytime. When hungry they will frequently come forth in 
a lighted room at night and may even feed in broad daylight. Favorite 
hiding places are in old-fashioned wooden bedsteads, in crevices be¬ 
tween boards, under wallpaper, etc., into which they can squeeze their 
flat bodies. They sometimes go considerable distances to hide in the 
daytime and show remarkable resourcefulness in reaching sleepers at 
night. In the tropics newcomers often wonder why their heads itch 
under their sun helmets until they discover a thriving colony of bugs 
in the ventilator at the top. 

When a bug is about to drill for blood the beak is bent forward and 
the piercing organs sunk into the flesh. Bugs seldom cling to the 
skin while sucking, preferring to remain on sheets or clothing. Since a 
fresh meal apparently acts as a stimulus for emptying the contents of 
the rectum, the adherence to the clothing is a fortunate circumstance, 
inasmuch as it precludes to some extent the danger of bedbugs infect¬ 
ing their wounds with excrement, as do ticks. 

In the course of 10 or 15 minutes a full meal is obtained and the dis¬ 
tended bug retreats to its hiding place. According to Cragg. Linux 
hemipterus does not entirely assimilate a full meal for at least 
a week, although the bug is ready to feed again in a day or two 
thus having parts of several meals in the stomach at once. Most 
bloodsucking insects completely digest one meal before another is 
sought. 

Bedbugs are able to endure long fasts; they have been kept alive 
without any food whatever for over a year. Sometimes however, bugs 
migrate from an empty house in search of an inhabited area In cold 
weather they hibernate in a semitorpid condition and do not feed, but 
in warm climates they are active the year around. C. Icctulanm ac¬ 
cording to Marlatt, succumbs at temperatures above 96 to 100 r. if 
the humidity is high. According to Bacot, unfed newly hatched bugs 
are able to withstand cold between 28° and 32’F. for as long as 18 
days, though they are destroyed by exposure to damp cold after a 

full meal. . t - . 

Hosts. Although man is undoubtedly the normal and preferred 
source of blood for Cimcx lectularius and C. hemipterus , the bugs 
manage to get along surprisingly well on other kinds of blood. Jo m- 
son in 1937 found experimentally that bedbugs thrive even better on 
mice than on men and about equally well on chickens. They some- 
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times multiply in great numbers in chicken houses, dovecotes, and 
white-rat cages. Dogs and cats are frequently bitten also. 

Life history. The eggs of bedbugs (Fig. 181 A) are pearly white 
oval objects, furnished at one end with a little cap which is bent to 
one side. The eggs are relatively large, about 1 mm. in length, and 
are therefore laid singly or in small batches, averaging about two a 
day. The total number of eggs laid is about 100 to 250. The bugs fre¬ 
quently return to the same places to ovipost until sometimes as many 
as 40 eggs have been accumulated. 




Fig. 181. Egg (A) and newly hatched larva (B) of bedbug. x 20. (After 
Nlarlatt, Formers Bull., 75-1, 1925.) 


The eggs hatch in 6 to 10 days during warm weather but are re¬ 
tarded in their development by cold. A week of freezing temperature 
reduces the hatching to 25%. The freshly hatched bugs (Fig. 181B) 
are very small, delicate, and pale in color. The skin is normally molted 
five times at intervals of about 8 days before the final adult stage is 
reached, at least one gluttonous feed being necessary before each molt 
in order to insure normal development and reproduction. However, 
the bug may gorge itself several times between molts. The several 
nymph t! stages of the insect resemble each other quite closely except 
in the constantly increasing size and deepening color. The wing pads 
appear only after the last molt. The total time required for develop¬ 
ment to maturity under favorable conditions is about 7 to 10 weeks, 
but starvation, low temperature, etc., may drag out the period much 
longer, i here may, however, be three or four generations in a year. 
1 he adults under ordinary conditions usually live for several months 
to a year or more. 

Lflfects of bites. The degree of irritation caused by bites of bed¬ 
bugs undoubtedly depends to a large degree on development of 
hypersensitivity or eventual immunity (see p. 529). The irritation is 
produced by the salivary secretion, but when an engorging bug is un- 
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disturbed much of the secretion is redrawn with the blood meal and the 
irritation is lessened. Continued excessive biting by bugs may cause 
anemia, nervousness, insomnia, and general debility. 1 itschack found 
that the bites of 50 adults were enough to produce influenzalike symp¬ 
toms, whereas over 100 caused palpitation of the heart, headache, and 
eye disturbances. Hase (1938) considered these eye disturbances to 
be a fairly common phenomenon when numerous bugs bite day after 
day. 


Bedbugs and Disease 

General consideration.. The bedbug would appear at first sight to 
be eminently adapted for human disease transmission. Like an ex¬ 
criminal, it is under constant suspicion. With or without reason it has 
been on trial in connection with kala-azar and other forms of leish¬ 
maniasis (see p. 115). Chagas' disease, relapsing fever, leptospirosis, 
tularemia, plague, typhoid, leprosy, typhus, yellow fever, pohomeyl.t.s, 
and even malaria, beri-beri, and some filaria infectious. 

In spite of all this suspicion and some circumstantial evidence there 
is still to be produced any single instance in which the bedbug has 
been shown to be more than a relatively unimportant accessory in the 

transmission of any human disease. 

Of tile numerous pathogenic organisms mentioned above, none ex¬ 
cept leptospirosis (from guinea pig to guinea pig) has been Mo«n to 
be transmitted by the bites except occasionally when a bug begins a 
meal on one host and finishes it on another, which is no more signifi¬ 
cant than the equally successful experiment of infecting an nmm.il 
by pricking it with an injection needle that has just been inserted into 
an infected animal. Nevertheless bedbugs may conserve pathogenic 
microorganisms in their bodies for days or weeks, e g., spirochetes 
Schizotrypanum cruzi, rickcttsias, viruses and a few bacteria (tins, 
of tularemia, plague, brucellosis, and typhoid), and infections may 
occasionally result when bites or scratches are contaminated by the 
feces or crushed lx.dies of the bugs. However the evidence is not 
sufficient to warrant much excitement over the danger, although bed¬ 
bugs will probably continue to be suspected as disease transmitters 
when other obvious transmitting agents are not discovered. Epi¬ 
demiologists would do well to read more detective stories and learn 
that the most obvious explanation is often not the correct one. 

One factor that limits the effectiveness of bedbugs as disease trans¬ 
mitters is their tendency to stay at home. Although frequently car¬ 
ried about in clothing, they normally live in the homes and not on the 
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persons of their hosts, and would therefore usually be limited in the 
spread of a disease except in theaters, cheap hotels or motels, sleep¬ 
ing cars, etc. 

Remedies and Prevention 

Prevention of “bugginess” consists chiefly in good housekeeping, but 
occasional temporary infestations are likely to occur in almost any in¬ 
habited building; often the bugs gain entrance with second-hand fur¬ 
niture, laundry, visitor’s luggage, etc. Bedbugs are easily controlled 
by spraying or dusting the hiding places in walls, bed frames, mat¬ 
tresses, etc., with chlorinated hydrocarbons or organic phosphorus 
compounds. The residual effect is good for several months. For 
theaters, hotels, etc., power sprayers are needed. Sometimes it is de¬ 
sirable to fumigate furniture with HCN or methyl bromide in special 
fumigation vans. 

Triatominae 

Most of the other true bugs which may be looked upon as normally 
human parasites belong to the subfamily Triatominae, which comprises 
members of the large family of predaceous bugs, Reduviidae, which 
have become addicted to sucking blood from vertebrates instead of 
juices from captured insects. Morphologically they differ from the 
predaceous reduviids in having a slender straight beak instead of a 
coarse curved one, and in having the antennae inserted on the sides 
of the head somewhere between the eyes and the end of the “snout” 
instead of on top of the head (see Fig. 182). 

These bugs, of which there are nearly 100 species, are large and 
often brightly colored, and are active runners and good fliers. They 
arc especially numerous in the warmer parts of the New World, from 
the southern half of the United States to Argentina; but one species, 
Triatoma ruhrofasciata , is cosmopolitan, and there are a few Old 
World species. Most of the species live in the nests or burrows of 
rodents or other animals on which they feed, but a few species have 
become household pests and feed primarily on man and his household 
pets, or on the pigs in his yard. 

The head of triatomids is small and narrow. The slender beak, bent 
straight back under the head, is three-jointed, and the long filamentous 
antennae are four-jointed. The pronotum flares posteriorly and is 
usually fairly distinctly divided into an anterior and posterior lobe; the 
posterior angles of the latter may be round or pointed (see Fig. 182, 
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7 and 8). Behind the pronotum is a triangular scutellum which may 
have a posterior spine. The abdomen has flattened lateral margins, 




Fig. 182. Heads and thoraces of various genera of tnatomlds and redo ,ds. 
J and 2. Trltiloma (T. prolrocla and T. rubula I. 3. /Wr»-«*•* '' 

Rhodnius (ft. prolix,,*); 5 and 6. head and thorax of McW > ,s a d nc. 
7, thorax of MM« «. thorax of Eratjrus. (1-1. •• « ,fo '" 1 ln, °' 

Bol. BloMglco, 19, 1931.) 



Fig. 183 . Left, Panstrongijlus meglslus; right, Rhodnius pro/txus. x 2. (After 
Brumpt, Precis dc parasitologic, 19-19.) 


the connexion, not covered by the wings (Fig. 183). This an* 
leathery basal portion of the wing (corium) arc usually marked 


with 


red or yellow, as is the pronotum. 
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The bloodsucking habit of the Triatominae is probably a recent 
experiment on the part of these bugs, evolutionarily speaking, for some 
of them still sometimes pursue bedbugs and are cannibals on each 
other, obtaining their blood second-hand by sucking it out of their 
brothers and sisters. The bites of triatomids are usually much less 
painful than those of many nonbloodsucking Heteroptera, but in some 
individuals they may cause severe allergic symptoms. Sometimes 
there is little or no irritation at the time of biting, but redness and 
itching develop several days later. The triatomids are of great im¬ 
portance because they are the natural and only important transmitters 
of Schizotrtjpanum cruzi. 

Genera and species. According to Usinger (1943) there are nine¬ 
teen genera of triatomids in the Americas, but some of these contain 
species which are of no interest here. Used in separating genera are 
the place of insertion of the antennae, the shape and other characters 
of the prothorax and scutellum, and hairiness of the body. 

The important genera of American Triatominae, and of other Redu- 
viidac which occasionally cause painful bites, can be distinguished by 
the following key: 


Reduviidae (other than Triatominae): Beak thick and curved: antennae 
inserted just in front of eves on top of head; head relatively short 

(Fig. 182, 5). 

1«. A cogwhcel-like ridge on pronotuin (wheclbug) Arilus 

lb. No cogwheel ridge 2 

2a. '1 horax constricted at or anterior to middle; color nearly uniformly 
dark brown Reduvius 

2b. Thorax constricted behind middle (Fig. 182. 6) 3 

3»/. Wings and body all black or dark brown Melanolestes 

36. A large yellow spot on wings Rasahus 

Triatominae: Beak slender and straight; antennae inserted on sides of 
Vad; head elongated in front of eyes; thorax constricted anterior to middle; 
black or brown with red or yellow markings. 

- a - Antennae inserted near apex of head, which is somewhat widened 
apicully (Fig. 182. /. 197/1) Rho,Inins 

lb. Antennae inserted just in front of eyes (Fig. 182. 3) 2 

lc. Antennae inserted about midway between eves and apex of head 

(Fig 182. 2) 3 

2a. Body clothed in long curved hairs Paraslrongylus 

:1b. Body nearly naked Pansirongylus 

<hi. Scutellum with a long pointed spine posteriorly and pronotum with 
pointed posterior angles (Fig. 182. 8) ' Eratyrus 

3b. Scutellum without long spine; angles of pronotum rounded (Fig. 
182, , ) body 1 2 to 1 in. long, distinctly colored Triatoma 
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Most triatomids will feed on a great variety of hosts, although some 
are especially associated with certain animals, particularly pack or 
wood rats ( Neotoma spp.)» armadillos, and opossums. They will feed 
to repletion on lizards also, and lizards frequently eat the bugs. A few 
species, discussed below, habitually live in human habitations, in the 
daytime hiding like bedbugs in the cracks of walls, debris on the 
floor, etc., issuing forth at night to feed on their sleeping hosts. Most 
species are so active and hide so rapidly when a light is produced 
that they are hard to catch. It is probable that any of them would 
accept a human meal if the opportunity presented itself, but their 
habits and habitats render some species much more frequent human 


biters than others. 

Life cycle. The life cycle of triatomids is similar in general to that 
of bedbugs. The eggs are white oval objects when first laid, in some 
species turning yellowish or pinkish later; they are laid singly or in 
small batches by most species, but Rliodnius prolixus lays them in a 
mass joined together by a secretion. The total number laid by a 
female (not a single female as some writers say-they have to mate ) 
is usually about 1CX) to 300. The eggs require 2 to 3 weeks to hatch, 
the time depending on temperature. The wingless nymphs are light 
in color when they first hatch but soon darken. They molt a total of 
five times, always after a full blood meal, which is six to twelve times 
their own body weight! The later nymphal instars have the wings 
represented as rounded lobes (Fig. 184/*). The whole development 
from egg to adult requires about a year in some species and - years 

in others. . , , i 

Important species. Comparatively few species invade houses and 
become human pests. In South America three specie* are of out¬ 
standing importance. Panstrongylus me gist us (Fig. 1S3A), the bar- 
bciro” of Brazil, a large, handsome red-trimmed black insect widely 
distributed in Brazil and neighboring countries, is one of the principal 
vectors of Chagas' disease. It is thoroughly domestic in its habits 
and normally lives in the huts of natives. Triatoma infestans , known 
in Argentina as the "vinchuca * replaces this species farther south and 
west as a house-infesting pest. This is the species whose habits were 
vividly described by Darwin in his Voyage of a Naturalist. In north¬ 
ern South America Rhodnius prolixus (Fig. 183B) is the most annoy¬ 
ing domestic species. This bug is garbed in brown and yellow. Al¬ 
though a common pest in human habitations, it also inhabits burrows 


of armadillos and pacas. . „ 

Other species that breed in houses and are partially "domestic are 
T. braziliensis and T. sordida in South America, T. dimidiate in Lcua- 
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dor. Central America and Mexico; and Panstrongylus geniculatus , a 
species usually partial to armadillos, in Panama. 

The cosmopolitan T. rubrofasciata is semidomestic in habits. Many 
other species frequently enter human habitations to bite if not to 
breed. Most of the species in the United States, ten of which have 
been found to harbor Schizotrypanum cruzi (see p. 150), are com- 



F»g. 134. T rlatomn prntracta, adult and nymph. (Adapted from Usinger, Publ. 

Health Bull. 2S8, 1944.) 


monlv found associated with wood rats (Neotoma) or in nests of opos¬ 
sums or burrows of armadillos. The adults particularly are likely to 
invade barns, tents, or houses or to prowl about in the beds of out¬ 
door sleepers. They are found throughout the southern half of the 
United States but are especially common in Texas, New Mexico, 
Arizona, and southern California. The species most often found in¬ 
vading houses arc T. gerstucckeri in Texas, which sometimes invades 
in great numbers; T. rubida (= tihleri), T. protracla (Fig. 1S4), and 
T. rccurva (« Iongipcs ), found farther west and in Mexico; and T. 
sanguisuga, throughout the South. 
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Other Hemiptera 

Several reduviid bugs, which are not normally bloodsuckers often 
bite man when provoked, and their bites, as noted prevtoush arejar 
more painful and toxic than those of the true bloodsuckers In North 
and Central America there are a number of spee.es of has -ng bug, 
and "corsairs" of the genera Melon,,IcsU s, Rcd'.nus an« f 
The common kissing bug or black corsair, ne^ Ik 

came very abundant in the United States at oni Arl / l(S 

portunity for many startling newspaper stones. " 
cristatus, is another vicious biter. n.v.hle of 

All Hemiptera have piercing mouth parts ami >»•>'.• >( ( j wjll , 
inflicting painful wounds, so it is safest not ' * • . . t t ) ie 

the bare hands. Although the majority of the bad biters be long to the 



Triatominae and Disease 
A, least thirty-six <* the hundred 

have been found to be capable of art - . (>1 indis.in- 

Schizolrypanum cruzi or a species ; arc vectors of Try- 

guishablc from it. Species of ^ „ icgi s,„s seems to 

panosoma rangeli also (see p. . transmission in the¬ 
be the species most frequently Bra/i l, Uruguay, 

greater part of Brazil. In *om infcs , ans plays the 

Argentina, Paraguay, Bolivia, and t- ' aml Ccntra l America 

leading role, whereas in northern Sou ,| irce „f these species 

Rhodnius prolixus is the principal *«t . |o ( , cfeca , c while filling 
have been shown by Dias to have a t ljo(a 15 lo 2 0 minutes; 

up with blood, a process that I's.ia >' b ^ fcces> or rubbing 

this results in frequent contam.nat ^ by which transmis- 

°f the feces with the eye, which arc ^ ^ occurre nce of Chagas’ 
sion of S. cruzi occurs (see p. 151)1 due in par , to failure of 
disease in the United States is probably 0 , r acla to defe- 

speeies that are not habitually domestic, such as 7. prolraCa 

cate while feeding (sec Fig. l&O* 
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In the United States 10 species of Triatoma have been found natu¬ 
rally infected— gerstaekeri , protracta, protracta woodi , rubida, recurva, 
sanguisuga , neotomae, uhleri, lectictdarius, and ambigua. Packchanian 
in 1939 reported the heaviest infections—92 out of 100 gerstaeckeri 
collected in a house and barn in southern Texas and 65% of lecticu- 
larius collected at Temple, Texas. 

Rhodnius spp. are transmitters of Trypanosoma rangeli (= T. ari- 
arii) also (see p. 155). Unlike S. cruzi , this trypanosome is trans¬ 
mitted by the bite as well as by fecal contamination. Rhodnius often 
harbors mixed infections of T. rangeli and S. cruzi. Trypanosomes of 
the African type ( T. equinum and T. gambiense ) survive in triatomids 
for only a short time. 

There are certain habits of Triatominae that are of interest in con¬ 
nection with the transmission of trypanosomes. Cannibalism is a 
common habit among many of them. Young bugs, especially, often 
suck blood from the distended bodies of nest mates, and they some¬ 
times suck blood from bedbugs. The robbed bugs seem quite un¬ 
troubled and unharmed by it. Perhaps like the Romans of old they 
are glad to be rid of their meals in order to enjoy the ingestion of 
more. Rhodnius is said to feed upon the excreta of fellow bugs. In 
these ways and perhaps by contamination from feces, Schizotrypanum 
cruzi may occasionally spread from bug to bug, but transovarial trans¬ 
mission does not occur. The percentage of infected bugs steadily in¬ 
creases with age up to the adult stage. Infection is usually acquired 
from infected mammalian hosts. 

In India and also in South America Triatoma nd)rofasciata is a 
vector of a trypanosome of rodents, T. conorrhinae . In Mauritius, T. 
rubrofnsciata has been found to harbor rickettsialike bodies which 
were transmissible to laboratory animals. Spirochetes of relapsing 
fever persist in triatomids for some time, and in Kansas the virus of 
western equine encephalomyelitis has been isolated from T. sangui¬ 
suga. 


Control 

Spraying houses with BIIC or Dieldrin is very effective in con¬ 
trolling the house-infesting species. Spraying with 5% emulsions, sus¬ 
pensions, or kerosene solutions controls triatomid infestations even up 
to a year. 1 he town of Bambui, State of Minas Gerais, Brazil, was 
entirely freed of triatomids by repeated applications of insecticides 
m tlie houses, and there were no new cases of Chagas’ disease for over 
3 years. Pinotti found that when the walls of native huts are plas- 
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tered with a mixture containing cowdung, which prevents cracks from 
forming, the bugs moved out and stayed out. 
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Chapter L\3 

LICE (ANOPLURA AND MAILOPHAGA) 


Opinion is divided as to whether the suck.ngl.ee of mammahwid 
the chewing lice of birds and mammals should be placed togetl 
one order Anoplura, the former in a suborder Sjphunculata and «1 e 
latter in a suborder Mallophaga. or should be placed m separate. ore r 
Anoplura and Mallophaga. respectively. 1 hey have mans f • >' r “ 
common, but differ in the radically different structure of the mout 
parts. Both are small, wingless, flattened insects. } >r< Jf ,y J 
from the free-living book lice or bark bee. Corrodent.a Although 
probably they came from the same original stock they form clear! 
defined groups with perhaps a single form. B/.ync/.op/./ d /n^v nc 
can be Considered intermediate. It thus is convenient to cons.der 

them as separate orders. ~r n,..,,, 

The Mallophaga are mainly bird parasites although many of them 
also make themselves at home in the fur of ...annuals They 1 as. 
nipperlike mandibles fitted for nibbling on feathers, ha... • > 1. 1 

mal debris, although some- of them quite regularly elmc on bbod b 
piercing the pulp of young growing feathers or even gna v . g ro¬ 
ll,c skin of the host, but many arc apparently content ’ P 
feathers or epidermal debris. The Anoplura. on the 
piercing mouth parts consisting of three “p.ereers winch when no 
use are”drawn back into a special pouch under the - ^ 
feed entirely on blood. Mallophaga annoy the,r hosts p ndpa 1 b> 
irritating the skin surface, but those that also suck blond <n« 
of the suborder Amblycera) arc also potent,al d,SC: ‘f? of 

The sucking lice cause trouble by suck.ng considerable amounts of 
blood, by causing allergic reactions by the.r b.tes or feces, and b> 

““TSrtr..vo o,d« «. 

cnee in the Mallophaga and absence hi the . nop ^ ^ 

tized mandibles which arc brown or blackish. ie. * • 

tinguished at once by the fact that the Mallophaga have very broad 

(.17 
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heads, always at least as broad as the thorax (Fig. 185), whereas in 
the Anoplura the head is always narrower than the thorax (Fig. 188). 
None of the Mallophaga are human parasites, but some are annoying 
to domestic animals, particularly poultry. They are briefly considered 
on pp. 634-638. 

ANOPLURA 

Morphology and physiology. The Anoplura have the body clearly 
divided into a narrow and often elongate head, a broad thorax, the 
segments of which are fused in nearly all species, and an abdomen that 
is more or less distinctly divided into segments (Fig. 1S8). There 
are primitively nine segments, but one or two of the anterior ones are 
fused or lost, so usually seven or eight are recognizable. In the crab 



Fig. 185. Head of a species of Fig. 186. Front leg of <5 body louse, 
Mallophatra (( cliiila »p.) from Petliculus hunuinus. Note huge daw and 

golden eagle*. Note breadth of thumb-like opposing process of tibia. X 100. 
head compared with thorax, and 
pair of black-tipped mandibles; 
ant., antenna; mr/m/., mandibles. 

louse, rhthinis. segments 111 to V are fused. Ordinarily segments III 
to \ III bear spiracles, and there is one pair of spiracles on the thorax 
also. I he abdomen ol lice is poorly sclerotized except for the pleural 
plates at the sides in some genera, e.g., Pediculus. In the females the 
terminal segment of the abdomen is indented, whereas in the males it 
is rounded, with the large spikelike vaginal dilator often projecting 
horn the sex opening just ventral to the anus. 
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The head has short four- or five-segmented antennae; eyes are ab¬ 
sent in most species, but the human lice have small but prominent 
ones. The legs, except in the separate suborder Khynchophthirina on 
elephants, have each tarsus, consisting of one segment, armed with a 
large curved claw, quite grotesque in appearance in some species, 
which closes back like a finger against a thumblike projection of the 
tibia (Fig. 186). There are not even rudiments of wings. 



The mouth parts (Fig. 187). fitted for piercing and sucking, are so 
highly modified that their homology is in doubt. There is a short 
tubular haustcllum (/..) armed with teeth which can be everted so 
that the teeth are on the outside, as shown in the figure. Tim up- 
pressed to the skin makes a tight seal. Through this can he protrud. d 
three slender stylets which, when not in use. are retracted into a blind 
sac lying under the pharynx. The dorsal and centra stylets are forked 
at their proximal ends in the stylet sac. The ventral stylet is belies ed 
by Ferris (1951) to represent the terminal part of the labium, the m.m 
basal part forming part of the floor of the stylet sac Tins stylet ,s 
stouter than the others and toothed at the tip. and used for piercing the 
skin. In a groove on its dorsal surface lies the extremely slender 
middle stylet, a hypostome. at the tip of which the salivary duct opens 
The dorsal stylet,' partly embraced by the ventral one. ,s beheved b> 
Ferris to represent fused maxillae. It has a groove which buxton 
(1947) and others believe acts as a food channel, although Ferris 
denies this. 
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The stomach is provided with lateral pouches in order to increase 
the food capacity. Normally lice do not fill themselves to repletion 
and then wait until this food is digested before feeding again but 
enjoy more moderate meals several times a day. 

All except the human body louse glue their eggs to hairs near the 
base. The eggs hatch in a few days, and the young nymphs closely 
resemble the adults except for their size and paler color. There are 
three nymphal instars; the third molt brings them to the adult stage 
in 10 to 20 days. 

Most species of lice are quite closely limited to a single host, and 
sometimes even genera arc thus limited. Kellogg has suggested that 
the evolutionary affinities of different birds and mammals may be dem¬ 
onstrated by the kinds of lice that infest them. Only about 230 species 
of Anoplura are known, but the species of Mullophaga are numerous. 
Ferris (1951) divides the Anoplura into several families as follows: 

In. Abdomen without any sclcrotizcd plates except on terminal and 
genital segments 2 

lb. Abdomen with pleural plates (paratergites), and usually tergal and 
sternal plates also 4 

2o. Body robust, and bristly or scaly; legs, at least last 2 pairs, with very 
stout undivided tihiotarsus; on seals Echinophthiriidue 

2b. Body with setae but not scales; 1st pair of legs smaller than 2nd 
or 3rd 3 

3 a. Abdominal spiracles several; on Artiodactyla and hyraxes 

Linognnthidae 

3 b. Only 1 abdominal spiracle, on 8th segment, on shrews 

Neolinognathidae 

•1 Pleural plates (paratergites) with their apical parts projecting free 
from body; legs all about equal, or 1st pair smaller; majority on 
rodents, a few on inscctivores and primates, one on Equidae 

Hoplopleuridae 

4 b. Pleural plates without free apices 5 

5</. Eyes reduced or absent, legs and claws approximately alike on all 3 
pairs; on Artiodactyla and Equidae Haematopinidae 

i)b. Eyes with well-developed lenses and pigment; legs all about equal, or 
1st pair smaller; on Primates, including man Pediculiduc 


Human Lice 

In former times human lice were looked upon with less disgust and 
loathing than they arc in most civilized countries now. In days when 
a bath on Saturday nights (except in winter) was considered adequate 
and most laundering was done on river banks, lice intruded themselves 
in everyone s company, from the royal family to the lowest peasant. 
Even today, however, body lice are distressingly common in camps. 
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jails, trenches, etc., where association with careless people cannot be 
avoided and facilities for cleanliness are not all that could be desired, 
especially in time of war. In some parts of the world lice are believed 
to be indicative of robust health and fertility. Head lice are even 
more prevalent among the poorer classes in cities, particularly among 
children. A survey in England in 1939-1940 showed that in indus¬ 
trial cities 50% of preschool children and of school girls harbored 
them. In women the incidence never fell under 5 to 10%, and in 
young women in industrial areas it was 30 to 50%. Permanent waves 
tend to bring lice more peace and quiet in the heads of young women. 
The incidence was only 2% in men, and relatively rare (under 5%) 


in rural areas, where lousiness is considered a disgrace. 

The lice infesting man belong to two genera. (1) Pcdiculus , includ¬ 
ing the head and body lice, and a few closely related species on mon¬ 
keys, and (2) Phthirus , with only one species, the crab louse. 

No doubt both the head louse and body louse are the descendants 
of a species that roamed the hairy bodies of our forefathers in the days 
when we fought our struggle for existence with mammoths and cave 
bears instead of tax collectors and strike organizers. With the devel¬ 
oping hairlessness of the host, the hunting grounds of human lice 
became more and more restricted. The crab louse adapted itself to 
the coarse residual body hair, but P. humanus solved the problem in 
two different ways: some retired to the fine hair of the head and 
became head lice, whereas others, more resourceful, adapted them¬ 
selves to living on the clothing next to the skin and became body lice. 
The body louse is larger than the head louse, with more slender fore¬ 
legs in the males, but few if any strains can boast a pure heritage. 
With the differentiation of the principal races of man some slight dif¬ 
ferentiation of the head lice may also have occurred; Ewing recog¬ 
nized four varieties, found on Caucasians, Negroes, Chinese, and 
American Indians, respectively, but other louse specialists do not 
recognize them. Even if such varieties once existed it would be almost 
impossible to find pure strains now, for the lice interbreed as do their 
hosts. Studies of ethnology of lice and of man arc Ik-scI with the same 
difficulties. 


Head and Body Lice (Pediculus humanus) 

Morphology. The general appearance of Pcdiculus humanus can 
he seen from Fig. 188. The head has eyes and five jointed antennae, 
the latter distinctly longer in the body than head lice. The thorax has 
a single pair of spiracles, situated between the first and second pairs 
of legs. The abdomen is composed of seven segments (IN to IX). 



622 Introduction to Parasitology 

of which the first six bear spiracles. Pleural plates are well developed, 
but more so in head than in body lice, resulting in a more festooned 
appearance in the head lice. Females, somewhat larger than males, 
are usually 2.4 to 3.3 mm. long in head lice and 2.4 to 3.8 mm. in 
body lice. They can readily be distinguished from males by the 
indented posterior end of the abdomen and by the slenderer anterior 
legs with smaller grasping apparatus. In males the anus and sex 
openings are dorsal in position. 



Fig. 

plate; 


188. Pediculm human,,*, l>o<!y louse. x40; a., anus; e.. eye; pp 

('Vd mtcd'from /m" 'l"™* splrac,c; Ul ~ lX - abdominal 

(Adapted from keilin and Nutt. . 11 , Para*itolosu, 22. 1930.) 


pleural 
segments. 


s ” e “ d ,ICC P re . fcr <° »*• "'«• fine hair of the head, 

on il c‘ 11 ° ° ,lu-r I>ar,S ° f lhe They occur 

m ul v of nl , r CVCry P “ r ' of t,le " orld. Buxton found that the 
nd a , °T ,S h0 'r er l,ar,>0r VCf y few lice. In Eng- 

over "V- Ve T ]y 1 *° 10 - “* **»» 10% have 

o,d Apparent,y brus,,ing and 

the hair ^ °" the -stead of 

the S efSTudisn'r, 1 ’ i,S posi,i °" ** waning hair to 

i. d.SMirt\eX«e ,y of but more ,ikely 

of a., the lice in the world it alone 
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of its host. A person infested with hundreds of body lice may remove 
his clothing and find not a single specimen on his body. An examina¬ 
tion of the underwear will reveal them adhering to the inside surfaces. 
Here they live and lay their eggs, reaching across to the body to suck 
blood, holding to the clothing by their hind legs. 

Life cycle. The eggs of lice, commonly called “nits ” are oval, 
whitish objects fitted with a little lid at the larger end which is pro¬ 
vided with air cells pierced by pores through which air can enter the 
egg. The eggs of head lice are slightly less than 1 mm. in length, and 
are glued to the hairs by means of a cementlike excretion (Fig. 1S9.V). 
The favorite “nests” are in the 
vicinity of the ears. The average 
number laid by each female, ac¬ 
cording to Bacot, is 80 to 100. 

Body lice lay slightly larger eggs 
and glue them to the fibers of the 
clothing (Fig. 189B), especially 
along the seams or creases. Under 
experimental conditions the body 
louse will sometimes lay eggs on 
hairs, but it nearly always selects 
the crossing point of two hairs and 



Fig. 189. A, egg of head l“»se 
.itt.ielwd to a hair: /*. '»* 

Ioiim- attached to IiIhts of clothing. 
N 25. (After Cl»olocllco\v>hy.) 


Tl 


shows less skill than the head louse 
in attaching the eggs. The body 
louse shows a marked “homing” in¬ 
stinct in laying her eggs, and tends 
to cluster them until 50 or 75 have 

been collected. The total number of eggs may be - “ > • 

female begins production slowly, but after a \\eek o piac in 
reaches an output of about 8 or 10 per day, alt mug i t uri is in c 
more than one developed egg in the body at a time. n ei 
eggs are sometimes laid, but they do not develop. -gg- a> 1 ! . , 
at temperatures below 77 F., and a daily exposure to a U-m|* at n 
of 60°F. for only 2 or 3 hours causes a marked falling oil gg 


production 
At 80° t. 
temperatures many die. 


At 80“ to &5“F„ the eggs hatch in •lmut S to 10 days; at■ 

ir« m:mv ,li,. No hatching occurs below .<> I ■ ■»“ — 


temperatures many die. No hatching occurs ue««» T. 

held below 60°F. for 7 to 9 days do not hatch even d 
excessive humidity or complete drying is fatal to the eggs. *' 1 
dent that in winter the laying oil of the clothing at n^ • 

room or the leaving of mattresses or bedclothes in *. 

fieient to prevent the laying or hatching ot eggs. 


* rnmmmm - 

the davtime is sul- 
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The young lice have an interesting way of escaping from the eggs. 
They suck air into the body and expel it from the anus until a cushion 
of compressed air is formed sufficient to pop open the lid of the egg. 
The newly hatched lice are almost perfect miniatures of the adults ex¬ 
cept that they have three-segmented antennae. They are ready to 
feed almost as soon as they emerge from the egg and will usually die 
in less than 24 hours if not allowed to feed. At a temperature of 
95° F. and with as many daily feeds as would willingly be taken, 
namely six, the lice pass through the first molt in 3 days, the second 
in 5 or 6 days, and the third, which brings them to maturity, in 8 or 
9 days. With fewer feeds or lower temperatures the development is 
slower. 

Egg-laying begins 1 to 4 days after the final molt and continues 
at the rate previously described until the death of the insect. The 
average length of life for the females is about 35 or 40 days and prob¬ 
ably a little less for the males. 

Feeding habits. Lice show less tendency to vacillate in their 
drilling operations than do fleas. They make a single puncture and 
then rely on the salivary secretion to dilate the capillaries by its irrita¬ 
tion and thus facilitate the flow of blood; this sometimes requires sev¬ 
eral minutes. They may suck to repletion in a few minutes but often 
continue to pump blood into their stomachs intermittently for several 
hours, meanwhile voiding feces containing undigested blood cor¬ 
puscles. 

There seems to be some degree of specificity in the salivary secre¬ 
tion. since it is more efficient in aiding the lice to suck blood from 
man than from other animals. Rat blood seems to disagree with 
human lice, although they can be adapted to feed on rabbits. 

Lice do not have the remarkable resistance to starvation displayed 
bv ticks and bugs. At high temperatures they succumb in 2 or 3 days 
but at about 40 F. can live for 8 or 10 days without food. Adult lice 
stand exposure to moderate cold very well but are killed in a few hours 
at temperatures of 10°F. or below. They are highly susceptible to 
heat, especially when the humiditv is high, and die in a few minutes 
at 122° to 126°F. 


I lie maximum favorable temperature for the development and re¬ 
production ol lice is about 95 F. The absence of lice from hot coun¬ 


tries observable in Mexico, for instance, where they are abundant 
on the central plateau above 5000 to 6000 ft., but absent from the hot 


coastal strips—is apparently not due to the high temperature but 
probably to the disastrous effect of profuse perspiration and conse¬ 
quent excessive humidity between the clothes and skin. Head lice 
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are found in hotter countries than body lice, especially on bareheaded 
people. 

Effect of bites. The effect of louse bites varies greatly with indi¬ 
viduals and with the degree of sensitivity to them, for according to 
Peck, Wright, and Gant (19-13) the principal symptoms appear to be 
allergic in nature. When persons previously unexposed to lice are 
experimentally bitten there is at first only a slight sting and little or 
no itching or redness. After about a week such a person may become 
sensitized, and then the bites cause considerable irritation and in¬ 
flamed red spots. When such persons are bitten by large numbers of 
lice there may be a general skin eruption, mild fever, and a marked 
feeling of tiredness and irritability. The bites themselves are only 
partially responsible; much of the reaction is due to contact of the 
bites with the feces of the lice, to which infested individuals also 
become sensitized. 

Eventually the increased sensitivity gives way to immunity as with 
other insect bites (see p. 529). and people long infested become oblivi¬ 
ous to them. During the stage of increased sensitivity the irritation 
leads to scratching, and sometimes the scratched bites become second¬ 
arily infected, causing pustules to form. Often areas around the bites 
turn brown, giving the skin a mottled appearance. In very negligent 
individuals badly infested with head lice the hair may become matted 
and form a sort of filthy carapace under which fungus growths de¬ 
velop, and the head may exude a fetid odor. 

The interesting observation that white rats that have remained free 
from lice for years promptly become lousy (probably from wild rats 
or from a very few they previously harbored) when placed on a diet 
deficient in riboflavin (one of the vitamin B complex) may possibly 
have some bearing on the fact that some individuals seem to be 
attacked more readily than others, and that lic-e become especially 
prevalent under conditions of hardship and starvation. 


Crab Louse 

The crab louse. Phthinis pubis (Fig. 190), is quite distinct from the 
other two species of human lice. It has a very broad short body with 
long, clawed legs, presenting the general appearance of a tiny crab, 
from which it derives its name. The first pair of legs are smaller 
than the others. The thorax is very broad with all the segments I used, 
and the abdomen is greatly foreshortened. Its first three segments 
(HI to V) are fused into one. which bears three pairs of spiracles. 
The last four segments bear wartlike processes on the sides the last 
Pair of which is particularly large. This louse is grayish in color, with 
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slightly reddish legs. The females are about 1.5 to 2 mm. in length, 
the males somewhat smaller. The favorite haunts are the pubic 
regions and other parts of the body where coarse hair grows, as in the 
armpits and in the beard, eyebrows, and eyelashes. Occasionally they 
infest almost the entire body except the head; one of the writers once 



Fig. 190. Phthirus pubis, 9, x35; ffig.tr., digestive tract; .vp., spiracle; th., 
thorax; tr., trachea; Ill-IX, abdominal segments. 


saw a hairy individual who was covered with them from eyebrows 
to ankles. Unlike the other human lice this species is almost exclu¬ 
sively confined to the Caucasian race. 

The females produce 25 or more eggs and glue them, one at a time, 
to the coarse hairs among which they live. A number of eggs may be 
glued to a simile hair and often at some distance from the skin. The 
eggs hatch in 6 or 7 days, and the young become sexually mature in 
about 2 to 3 weeks. This species, even under favorable conditions, can 
live apart from its host only 10 or 12 hours. The eggs are said not to 
develop except at temperatures between 68° and 86°F., which are 
approximately the temperatures to which eggs attached to hairs be¬ 
neath the clothing would be exposed in cool climates. The adults 
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suck blood intermittently for hours at a time, and often cause severe 
itching. The secretion of one of the pairs of salivary glands has a 
peculiar effect on hemoglobin, causing it to turn a violet color in the 
absence of air; in the body this often causes the formation of telltale 
pale blue spots from Vs to 1 in. in diameter. 

Crab lice move about much less than head or body lice, but usually 
shift their positions daily. The adults probably do not live more than 
a few weeks. The infestation rate is usually rather low. e\en when 
other lice are common. Since it is very often, though by no means 
always, venereally transmitted, the French call it the papillon 
clamour.” 


Lice and Disease 

Louse-borne diseases have in the past ranked high among the minor 
horrors of war-higher, certainly, than they ever will again. In peace- 
time large louse-borne epidemics do not regularly occur since people 
and communities are rather sharply divided into those who to crate 
lousiness and those who do not. The former are exposed to bit. ot 
lice from birth; they suffer from kn.sc-borne diseases ear n h e 
become immune, and are kept immune by repeated reinfection The 
louse-free population suffers only sporadic cases since ‘here is not 
sufficient louse traffic between the two components of a cominun 
cause an epidemic except under disrupted conditions >'">ug o 
disaster, famine, or local conditions where facilities for ^ungbod 
and clothes clean are inadequate, as in construction camps p sons^ 
etc. Furthermore, there is ordinarily no opportunity for budding up 
the virulence of the organisms concerned by a rapid sequence of human 

cases, as happens at the beginning of epidemics. . . 

There are three diseases for which lice are the primary hransmrtt. 

—epidemic typhus, trench fever, and relapsing ,ur . ». p i 
caused by Rickettsia prowazekii (see P . 215). the sccxind .s l.eh ed 
to be caused bv another rickettsia. R. qainlana « >f Hurd . c. u d 
by a spirochete. Borrelia recurrent (see p. 220). Lice «re^rtamly 
no, the primary transmitters of either typhus or relap ng fe e . 
Rickettsia prowazekii of epidemic typhus may have been de d l orn 
R. typin’ of flea-borne endemic typhus ( see p. >•» or. 1 < • • 

likely, both fonns may have originally been tropical uk- or 
diseases, as R. prowazekii still is in Africa, where it has a hek-box id 
tick cycle independent of the louse-man-lousc cycle (see 11 . - 

^Typhus organisms are invariably fatal to lice, though unfortunately 
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not quickly enough to prevent transmission, whereas fleas suffer no 
evident ill effects, and the rickettsias of mites and ticks unlike those 
of lice or fleas, are even transovarially transmitted. The spirochete 
of louse-bome relapsing fever has undoubtedly been derived from tick- 
borne strains, quite likely in North Africa (see p. 587), it has become 
better adapted to lice than the rickettsias, but is not transovarially 
transmitted. 

Epidemic typhus. Louse-bome typhus, known in Europe for cen¬ 
turies, seldom makes itself evident except in extensive outbreaks dur¬ 
ing wars or other conditions when, as already noted, lice have an 
opportunity to extend their acquaintanceships widely and to transmit 
the organisms to many people who had no chance to develop im¬ 
munity early in life. Zinsser says that typhus has killed more human 
beings than any other disease. It was typhus that caused Napoleon 
to withdraw his armies from Russia. It is estimated that this disease 
killed 3.000,000 Russians during World War I. In former days the 
disease broke out on sailing ships or in prisons so frequently that it 
was sometimes called ship fever or jail fever. Hence the name epi¬ 
demic typhus. In New York and Boston, however, and probably else¬ 
where, the disease exists in endemic form and is called Brill’s disease. 
Some workers believe these cases to be due to relapses in individuals 
harboring the rickettsias for many years, perhaps for life, but von 
Bormann (1952) has made out a strong case for louse transmission. 
The majority of the cases occur among people who handle worn 
clothes, such as tailors and cleaners. 

Lice are also able to transmit the endemic or murine strain of typhus, 
Rickettsia typhi, which is normally flea-borne (see p. 653); such 
louse-borne outbreaks have been reported in Mexico, Spain, Man¬ 
churia. and Africa. Also, the rat louse. Polyplax spinulosa, is capable 
of transmitting R. typhi of murine typhus among rats. However, or¬ 
dinarily at least, R. typhi , even when transmitted by lice, retains its 
destructive characteristic of causing scrotal swelling and other scrotal 
reactions in guinea pigs, which R. prowazekii fails to do. Ordinarily, 
at least, R. typhi retains its distinctive characteristics even when trans¬ 
mitted by lice. 

Epidemic typhus is practically absent from the tropics, e.g., India 
and tropical parts of Africa and South America, even when lice are 
abundant. Body lice are the principal disease transmitters, perhaps 
because head lice and crab lice are less frequently passed around, for 
those lice experimentally arc good hosts for Rickettsia prowazekii and 
R. quintana also. Epidemics occur most frequently in winter when 
people are closely huddled together and the lice nightly migrate from 
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one pile of clothing to another. Lice become infected from typhus 
patients from early in the disease to about the tenth day or later, even 
after the temperature has fallen, although by no means all lice become 
infected. The rickettsias multiply in the epithelial cells, which become 
greatly distended, and in the lumen of the midgut. and are voided in 
the feces after a few days. From these time considerations, as Buxton 
(1947) pointed out, lice from convalescing or dead typhus patients 
are more dangerous than those from cases at the height of the disease. 
Transmission results from contamination of the bites or scutches by 
the feces, or even from inhalation of dried feces; the latter may remain 
infective for over two months, long after the living lice are gone. A 
person who wears the boots or clothing of typhus victims may also 
become a victim. 

In man epidemic typhus under epidemic conditions is much more 
severe than endemic typhus, sometimes causing the death of i0‘r 
of its victims. This is doubtless due in part to exaltation of virulence 
by rapid passage through numbers of susceptible people and in pot 
to lowered resistance under wartime conditions. Poor diet and under¬ 
nourishment arc big factors. The disease is marked by severe headache, 
prostration, high fever, and a rash caused bv small skin hemorrhages. 
It can be prevented by vaccines and is susceptible to treatment 
with antibiotics, particularly chloramphenicol and Terramycm. The 
evidence indicates that these drugs suppress the multiplication ol 
the rickettsias for about a week, by which time the patient will have 
initiated his own defensive mechanism. With DDI or chlordane to 
destroy lice, control of typhus is now a relatively simple matter, at 
least until lice develop resistance to these chemicals, as they have 
already done in Korea and Egypt. It is unlikely that typhus will ever 
again cause devastating epidemics in civilized countries. 

Trench fever. It is generally believed that this disease is also 
caused by a rickettsia, R. quinUma (see p. 215), which, like the non- 
Pathogenic R. pcdiculi, lives in the lumen of the intestines ol lice but 
not in the epithelial cells. Although unknown previously, this disease 
became so common during World War I that it caused more sickness 
than any other disease except scabies. After the war it fell into 
obscurity again, but an outbreak of what was probably the same 
disease occurred among louse-feeders in a typhus-vaccine laboratory 
in Warsaw just prior to World War II. and some small outbreaks 
occurred in the Balkans during that war. R. quintann has also been 
reported from Mexico City. .. 

The best explanation for this “here again, gone again disease is. 
,n our opinion, that the supposedly nonpathogemc R. pcdiculi, when 
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lice are restricted to their home-folks, produces mild or inapparent 
human infections early in life, resulting in immunity, but when the 
lice get access to numerous previously unexposed and susceptible 
people, and are passed through a series of these, the rickettsias have 
their virulence exalted and cause epidemics which subside when nor¬ 
mal relations between lice and their perennially infested home-folks 
are re-established. 

The infection is transmitted, like typhus, by louse feces, but since 
urine and feces of human cases are infective, it may not be spread 
exclusively by lice. The symptoms are headache, body pains, a double 
rise of fever, albumin in the urine, and usually a rash. 

Relapsing fever. When lice ingest the blood of a relapsing-fever 
patient, most of the spirochetes die in the alimentary canal within a 
very short time, but a few survive by penetrating into the body cavity. 
Although very sparse for a few days they become abundant after about 
a week. Neither the bites nor the feces of the lice are infective, and 
transmission occurs only by breaking or crushing lice and inoculating 
bites with the infective body fluid. Although louse-borne strains were 
undoubtedly derived originally from tick-borne infections, lice seem 
not to be susceptible to some tick-borne strains although they are to 
others. 

Outbreaks of louse-borne relapsing fever have been suffered in many 
parts of Europe, Africa, and Asia; in the past they occurred in the 
Western Hemisphere also, but not now. After World War II a great 
epidemic spread across Africa south of the Sahara; its southward 
extension was limited by the nuditv of the Central African natives. 
In temperate climates epidemics of louse-borne relapsing fever, like 
louse-borne typhus, rage fiercest in winter, and have accompanied 
wars in the past. 

Dorn lid renirrentfc , although undoubtedly originally derived from 
.irgasid ticks, is now so completely estranged from its ancestral hosts 
that it will no longer infect them, nor will it infect other mammals 
di.m man. except monkeys and new-born rabbits. However, since this 
strain of spirochete has not become sufficiently adapted to its louse 
host to be transovariallv transmitted by it. it is dependent on human 
infections for survival. 

Lice mid other diseases. I.ice may also serve as mechanical trans¬ 
mitters of certain other diseases. The bacilli of bubonic plague, 
Vastce.rcUd pest is . have been found alive in both body lice and head 
lice taken I mm victims of the disease, and both species have been 
experimentally proved able to transmit plague from rodent to rodent 
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in Java. Lice do not transmit plague by their bites, but they may 
transmit it when crushed, and possibly with their feces. Natives in 
Java kill lice by mashing them against the head of the host, which 
should make infection through the scratched sores on the head very 
easy. In Ecuador and Peru natives are said to kill lice bv crushing 
them between the teeth; there is much more danger involved when 
man bites louse than when louse bites man. 1-ice can also harbor and 
transmit (via their feces) the related bacillus. Pasteurella tularcnsis, 
that causes tularemia (see p. 226). 

Most other bacteria arc quickly destroyed by antibacterial substances 
in the alimentary canal of lice, as they are in most insects, but 
salmonellas, species of which cause typhoid and other diseases in 
man or animals, multiply rapidly in human lice, and kill them in 21 
to 48 hours. The lice do not transmit them directly by bite, but do 
by contamination of the bites with their feces, and the bacilli may 
remain alive in dead lice and their feces for a year or more. 


Prevention and Remedies 


Methods of dispersal. The prevention of lousiness consists pri¬ 
marily in personal cleanliness. However, no amount of personal 
hygiene and cleanliness will prevent temporary lousiness if there is 
association with unclean and careless companions. Lousiness and 
human wretchedness and degradation have always been companions, 
but this does not imply that lice have any inherent abhorrence of a 
clean body if they can get access to it. From the nature of their 
habitats the common modes of infection of the three different species 
of human lice vary somewhat. The head louse depends for distribu¬ 
tion largely on crowded cloakrooms, on promiscuous use of combs and 
brushes or borrowed hats and caps, and on the free-for-all trying on 
of headgear in haberdasheries and millinery shops. The body louse 
is dispersed by clothing and bed linen, usually at night, and finds 
fresh hunting grounds by nocturnal migrations from one pile of 
clothes to another. The crab louse sometimes utilizes public toilets 
for dissemination and is commonly spread by promiscuous sexual 
intercourse. 


Where men are crowded together in prisons or war camps lousiness 
is almost sure to develop unless particularly guarded against, since 
some unclean persons are nearly always in the aggregation, and con¬ 
ditions are such that the infestation is given every opportunity to 
spread. Even under normal conditions there are many opportunities 
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for dispersal. Buxton (1947) recalls seeing some men sitting on a 
wall in Iran, catching lice and dropping them into the street, with 
typhus and relapsing fever epidemic at the time. Of importance in 
connection with the spread of these diseases is the fact that lice desert 
a febrile patient and seek a new host. In Europe during World War II 
lice were mostly well controlled in military forces, but they spread 
extensively among civilians, especially in crowded bomb shelters and 
in crowded homes for evacuated children. 

Elimination of lice. Few preventive measures have given more 
spectacularly good results than the use of DDT in destroying body 
lice and protecting against them. During the latter part of World 
War II almost every American soldier and sailor in the European 
theater was provided with a dusting powder consisting of 10% DDT 
in pyrophyllite and was free of cooties for the first time in any war. 
The dust was applied by blowguns to the head, skin, and clothing, 
without undressing. However, body lice are eliminated by dusting 
the inner surface of the underwear, socks, and seams of outer garments, 
or dusting under the clothing when it is not feasible to remove it, 
using a sifter-top can. One ounce per treatment is enough. The eggs 
are not killed, but since they hatch within the period of effectiveness of 
the DDT, one application suffices. 

Unfortunately lice have developed resistance to DDT in many 
localities, particularly in Korea, Japan, and the Middle East; in these 
places 1% lindane powder can be substituted, but a second application 
in 7 to 10 days is advocated. Syncrgized pyrethrum powders are 
also satisfactory for individual use, but have less residual action, so 
repeated treatments arc needed. Lice resistant to DDT are also very 
susceptible to 0.5 to 1% malathion dusts, but these have not yet 
been cleared toxicologically for human use. For head or crab lice a 
highly effective treatment is NBIN emulsion (6S% benzyl benzoate, 
6r; DDT, 12'; benzoeaine, and 14% Tween SO (a detergent), one 
part diluted with 5 parts of water for application by spraying or 
sponging. Left on for 24 hours, this kills the eggs as well as the 
hee. DDT or lindane powders can also be used, but should be 
i capp icd at weekly intervals if the hair is washed between treatments. 

. disinfestation of clothing, hot water, dry heat, pressing with a 
iot iron, live steam, or laundering in various disinfectant solutions are 
a 1 effective. Dipping in 5% DDT solution or emulsion renders 
clothing protective against lice through several washings. Fumi¬ 
gation with methyl bromide has been used at United States ports 
ol disembarkation for eliminating lice from clothing of prisoners of 
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Anoplura on Domestic Animals 

The Anoplura that torment domestic animals belong to the families 
Linognathidae and Haematopinidae. The latter have well-developed 
pleural plates, vestigial eyes if any, and all the legs about equal. There 
is only one genus, Haematopinus, on domestic animals, including 
H. suis , common on pigs; H. asini of horses; and H. curystermis (Fig. 
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F.a 191 Cattle lice: A. DamaUnia (-Bovlcola) bocist B. Hacmaloplnus 

IJeX c. hno t no,hus Cub. (After Monnig. VCcinary „c, .**» 

and Entomology, Williams and Wilkins. 19-19.) 


191B), the short-nosed louse of eattle. of which II. quadriperlusus, the 

ail louse of cattle, may Ik- only a variety. . . , . 

The Linognathidae, which have no sclerot.zcd abdominal plates in- 
dude three genera with imiiortant si>ecies on domestic animals: (1) 
Solenopotcs, with only one row of bristles on each abdominal segment, 
mostly parasitic on deer but with one species. S capdlatus, on cattle: 
(2) Linognathus, with two or more rows of bristles on.the abdomina 1 
segments and with no eyes, including L. v,ltd, (Fig. l.HC . the long- 
nosed or blue louse of cattle: L. slcnopsh of goats; L. peda Its the.foot 
louse of sheep; and L. setosus of dogs and foxes; and (3) Micro- 
thoracius, also with numerous bristles, but with very long heads, and 
eyes present, containing M. camel, of camels, and three species on 
llamas. Two species of Hoplopleuridae (see p. 620). Polyplax spurn- 
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losa and Hoplopleura oenomydis, are common rat lice in the United 
States, and one, Haemodipsus ventricosus, is common on rabbits. 

Like the Mallophaga (see p. 637) these lice stick closely to their 
hosts and are usually transmitted only by body contact, though horse 
lice are spread by blankets, saddles, etc. 

The hosts are much more annoyed by these lice than they are by the 
Mallophaga. Their fur and skin are affected, and they become restless, 
lose their appetites, and become susceptible to other diseases. Con¬ 
stant licking by cattle produces hair balls in the stomach, and the 
foot louse of sheep may cause lameness. 

Treatment consists of sprays, dips, or dusts containing chlorinated 
hydrocarbons, organic phosphorus compounds, or rotenone. For dairy 
cattle synergized pyrethrum or methoxychlor are recommended be¬ 
cause they do not accumulate in the milk; malathion, also, does not 
appear in appreciable amounts in the milk of sprayed cattle. Dusts 
arc preferable in the winter to avoid chilling. Sometimes repetition 
after 14 to 18 days is needed, but usually one treatment is effective 
for 6 to 8 weeks. Lice have been successfully eliminated from hogs 
by adding 30 mg. per kg. of methoxychlor to the food for several weeks. 

MALLOPHAGA 

Morphology. Two characters make it easy to identify Mallophaga: 
the head as broad as, or broader than, the thorax; and the pair of 
strongly selerotized. pincerlikc mandibles on the ventral side of the 
head. In most species the second to seventh abdominal segments bear 
spiracles. The legs are short and all much alike; in the suborder 
Ischnocera they are fitted for clasping as in the Anoplura. but in the 
Amblvcera, w Inch roam over the body, the tarsi are longer and modi¬ 
fied lor elij girg to smooth surfaces. The Amblvcera usually have 
short, four-segmented maxillary palpi, but these are absent in the 
Ischnocera. These two orders differ also in the antennae; in Amblycera 
11 iese are short and tucked into grooves as in fleas, whereas in Ischnocera 
they are longer and free (Fig. 192). Following is a brief key to some 
ol the families and genera common on domestic animals: 

Suborder Amblycera. Antennae club-shaped and mostly concealed in 
gioovcs: maxillary palpi present (Fig. 192/0. Only family important 
on dome'lie animals is Mcnoponidac, infesting poultry. 

A. All tarsi with 2 claws, antennae 4-segmentod; head evenly expanded 
behind and broadly triangular. Mcnoponidac 1 

lr/. I borax with 3 distinct segments (Fig. 193A) Trinoton 

2 or 3 spp. on geese, ducks, and swans. 

]/>. Thorax apparently with 2 segments (Figs. 192A, 1938) 


2 




«* Examples *'f 

».; c: 

and posterior end of abdomen of a t-«iur 



arious Mallophaga to illustrate key. A, 
ColptKcphalum ,>cctinivcntrc of Reese; < 
Lipeuris caponis of chickens; E, Ornitl 
icnlatiis of ducks; C. ConJocofcs RfR«n * 
( Adaoted from various authors.) 
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2a. Abdominal segments with 2 rows of bristles Menacanthus 

A/, strarnineus (body louse) of chickens. 

2b. Abdominal segments with 1 row of bristles 3 

3 a. Eye lodged in a shallow sinus (Fig. 192A) Menopon 

M. gallinae (shaft louse) of chickens. 

3 b. Eye lodged in a deep sinus (Fig. 193 R) Colpocephalum 

C. turbinatum of pigeons and C. pectiniventre of geese. 

Suborder Isclmocera. Antennae filiform and exposed; no maxillarv palpi 

(Fig. 191C). 

1. Antennae 5-segmented; tarsi with 2 claws; infesting birds (Fig. 

193C-//) Philopteridae 

2. Antennae 3-segmented; tarsi with 1 claw (Fig. 191 A); infest¬ 
ing mammals Tricliodcctidae 

A summary of the principal genera of these two families, infesting 
birds and mammals respectively, is given below, with mention of the 
commoner and more important parasites of domestic animals in North 
America: 


Isclinoccrn of Birds (Philopteridae) 

A. Body long and slender. 

(1) Liprurut: Head nearly hemispherical in front of antennae; in 
6 1st segment of antenna much enlarged, third segment with 
prong (Fig. 193D). 

6. gall i fja von is on turkey; L. cat ton is on chickens. 

(2) Eslbioptorum: Head elongated in front of antennae; antennae 
as in (1); clypcus without dorsal spines (Fig. 193C). 

E. crassicorne on ducks. 

(3) Columbicola: Like (2) but chpcus with 2 pairs of spines 
dorsally. 

C. colwubac on pigeons (Fig. 192C). 

( 1' Ornilhohiiis: a antenna without prongs; abdomen with second 
chitinizcd band paralleling chitinized margin (Fig. 193E). 

O. ct/gni on swans. 

1$. Body broad, abdomen rounded. 

(1» Philoptern*: Antennae with 5 similar segments in both sexes; 
a horn like process in front of insertion of antennae (Fig. 193F). 
/’. dental us on ducks. 


(2 (roniocotrs: No prongs on segments of 6 antenna; no spine in 
front of insertion of antennae (Fig. 1930. 
c;. gi gas (3-1 mm. long) and G. hologaster, fluff louse. (O.S-1.3 
mm. long) on chickens: C. bidentatus on pigeons. 

(3 (roniotlo*: Antenna of o with prong tin 3rd segment at least; 
no spine in front of insertion of antennae (Fig. 193//); head 
angular behind. 


G. (hssimihs on chickens: C. ilamicornis (2 mm. long) and 
nm.or (less than 2 mm. long) on pigeon; G. par vice ps (2 mm. 
long) and (.. pavonis (3 mm. long) on peacock; G. mclcagridis 
on turkey. 



Lice (Anoplura and Mallophaga) 637 

(4) Cuclotopasler: Antennae of <5 with prong on 3rd segment, 
head rounded behind, without spines. 

C. hetcrographus, head louse of chickens. 

Ischnocera of Mammals (Trichodectidae) 

A. Damalinia: With pleural plates; antennae alike in both sexes (f ig- 

191 A) 

D. bovis on cattle, D. caprae on goats, D. equi on horses. D. avis on 

B. Trichodectes: With pleural plates; antennae of 6 with first segment 
of antenna enlarged. 

T. canis on dogs. . . 

C. Felicola: Without pleural plates; antennae alike in both sexes. 

T. subrostrata on cats. 

Life cycle, habits, etc. The Mallophaga live their entire lives, 
generation after generation, on their hosts. The Ischnocera, to winch 
the mammalian parasites belong, are relatively sedentary and feed 
exclusively, or nearly so. on feathers or epidermal scales. Many stout- 
bodied species live only on the head where they cannot be picked, 
other slender forms live on the back or wings. The Amblycera roam 
about more freely and escape by good broken-field running: most ol 
these commonly vary their diet with blood obtained by nipping live 
feather papillae or nibbling through the skin. In sick birds that do 
not peck actively, lice may become excessively abundant; one hen 
is reported to have harbored over 8000 body lice ( McmcmUhm 

The eggs are glued to feathers or hairs, sometimes m selected places, 
usually one a day. According to Martin (1933) eggs of the pigeon 
louse, Columbicola columbac hatch in 4 days and the nymphs pass 
through their three molts and reach maturity in about 3 weeks 
Except for occasional hitchhiking on the bodies of h.ppobosod flies. 
Mallophaga move from host to host only by direct body contact. For 
this reason they are usually kept in the family and pass from genera- 
tion to generation of the same species. Thus isolated zoologically 
many species and even genera have arisen which are closely confined 
to particular kinds of birds. They tend to change more slowly than 
their hosts, so even after their hosts have become widely separated 
and isolated, and have developed into new species or genera, they may 
harhor the same or closely related lice as .lid their remote ancestors. 
Strong host specificity keeps lice from transferring their attentions to 
unrelated species even when there is opportunity, e.g., from a gold¬ 
finch to a cuckoo, or from a quail to a falcon. 

Control. Control of Mallophaga on larger animals is the same as 
for Anoplura (see p. 632). On chickens, lice can be eliminated In 
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putting pinches of sodium fluoride dust or 5% DDT dust on head, 
back, vent region, and under the wings, or by painting the roosts with 
1% Lindane emulsion or 40% nicotine sulfate. If the birds are given 
an opportunity for self-treatment by dusting in litter, etc., that has 
had 1% malathion dust added to it at the rate of about 1 lb. per 
75 sq. ft. (or per 25 birds), lice may be completely eliminated in 
about 10 weeks. 
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Chapter Z i 

FLEAS (SIPHONAPTERA) 


David Hamm says, “A reasonable amount of fleas is good for a dog. 
They keep him from broodin’ on bein' a dog.” A goodly supply of 
fleas might likewise keep man from brooding over anything deeper 
than the presence of these fleas, but in some cases this in itself is a 
rather serious thing to brood over. Not only are fleas very annoying 
pests and a common cause of insomnia, but they may also serve as 
the disseminators of two important human diseases, bubonic plague 
and endemic typhus. 


General structure. Fleas, constituting the order Siphonaptera, are 
believed by most entomologists to be more or less distantly related to 
the Diptera. Their bodies are much compressed to facilitate gliding 
between the hairs or feathers of their hosts. The head is broadly 
joined to the thorax, which is relatively small. The abdomen consists 
ol ten segments, the last three of which are modified for sexual 
purposes, particularly in the male (Figs. 194, 195). In both sexes the 
tergimi (dorsal plate) of the tenth segment has a pitted area covered 
with little bristles, called the py^idium or sensilium. The seventh 
teritum in most fleas bears one to four pairs of long antepygidial bristles. 

All parts ol the body are furnished with backward-projecting bristles 
and spines which aid the flea in forcing its way between dense hairs 
and prevent it from slipping backward. The efficiency of these spines 
apparent when one attempts to hold a flea between his fingers. Many 
fleas have specially developed, thick, heavy spines arranged in rows 
stive of the teeth of combs and therefore known as ctcnidia or 
combs ( Fig. F)S). There may be a gene/ ctcnidnim along the ventral 
margin of the head, or a pronotal ctcnidium on the hind margin 
<>t the pronotum ( the dorsal plate covering the first segment of the 
thorax), or in both places; a few fleas also have abdominal ctcnidia. 
I Ik presence or absence of these combs and the number of teeth in 
Hu m are of considerable use in identification of species. 

1 he legs of fleas are very long and powerful and at first glance seem 
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to possess one more segment than do the legs of other insects (Fig. 
194) They really consist of the usual number of segments with five- 
segmented tarsi, but are peculiar in the enormous development of the 
coxae, which in most insects are quite insignificant The shape of the 
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sternal plate to which the coxae are attached .s suggestrve of st.l 
another segment. The great development of the coxae as we" as 
the other segments of the leg gives unusual springiness and co e 
quently enormous jumping power. The so-called human flea, 
irritant, has been observed to jump 13 in. horizontally and as much 
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as 7% in. vertically; equivalent jumps for a man of average height 
would be a broad jump of 450 ft. and a high lump of oft A < 
legs are furnished with rows of stout spines and are armed at the 

'"'simple 3 eyes' are present in some species of fleas but not in others. 
The antennae are short and club-shaped and consist of three segments. 
Jwo "he third large and laminated. When not in use they are 



- max. 
lab. palpi 
-i_- max. 1. 


labrum 


. .1 «, r »< of i flea Clcnoccpluiliilcs fclis 9; mil.. 

”*• Head and "T tSr jL c,.. goal Ccni.li. lab. »*M. W*i ? l 

antenna; ant. gr.. antennal k' • nwx ill:»ry plate; max. />.. maxfl- 

palpi; max. I.. "»««<«* '■“'““p I05 lal.n.m is erroneously lal-ele.l “epl- 

< —--. . a,,d 

Fox, U. S. Dipt. Agrlc. Misc. PuM.. 500. 1J! »•) 


folded back into special grooves for them on the of the head 

(Fig. 196. anl gr.). but^ntal notch or tubercle 
hke a pair of horns Miind the antennal groove is 

.— -*— or “ i,,to 

a forward frons ^nd a for piercing and sucking. 
The mouth parts ^ ' \ five se( . mcnts , are elongated. 

The labia pa pi. " V - a Lath for the piercing 

grooved Structures ^ ' slcnder maxi ,lary stylets (laeiniae), 

S.JS& Httle saws, and a bristle,ike cpipharynv 
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grooved on its posterior surface to form a food channel in conjunction 
with the maxillary stylets. The sty lets also form a canal that serves 
as a salivary duct. The basal parts of the maxillae (maxillary plates) 
are large pyramidal structures with a spine at the tip, used to hold 



9th*t. 




m.p. 

9th.it 


Fig. 197 . A and /?, head of posterior end of <5 of Pulcx irritant; C and D, 
YV X T l> r i,l<l ont • aMknn * antennal groove; a.p.b., antepy- 

Y U . h "' b,% sclerMl,/cd l,ar of mesostemum of Xcnopsylla; cox., coxae; /., 
,S: : process of clasper; lah.p., labial palpi; max., maxilla; 

nnx.p., maxillary palp.; m.p., movable process of clasper (double in Pulcx); msn., 
"”’7 ; mc>osk rnum: n,, » • nietanotum; ore., occiput; pm., pronotum; 

' 1 7 0 ' *7 ,n,M r P '- /g '; Pyg,dil,m; m 9lh sternite. (Adapted from Fox. 

(lie flea in position while feeding; they are provided with large four- 
segmented maxillary palpi which might be mistake for antennae. 

Male Heas are easily distinguished by the rakish upward tilt of the 
abdomen, which in females is rounded (Figs. 194, 195). The terminal 
segments are modified into complicated claspers for holding the female. 
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and a remarkable intromittent organ which is so complex that one 
morphologist concluded that “truly, the thing does not make sense.’ 
The claspers have a broad immovable lobe or process and a movable 
finger. The details of these genital organs are of great taxonomic- 
value, but difficult to use unless there are illustrations to go by (Fig. 
197). In the females the terminal segments of the abdomen are 
reduced and inconspicuous. In this sex a taxonomic character of great 
importance is the form of the spermatheca (Figs. 195, 201), which is 
sclerotized and easily seen inside the abdomen in cleared specimens. 

Classification. Over a thousand species of fleas have been de¬ 
scribed. The differentiating characters are sometimes so subtle that 
only an experienced siphonaptcrologist can do the job. and then per¬ 
haps only if he has a particular sex under his microscope. Also, impor¬ 
tance attached to taxonomic characters changes. Major groups were 
once based on whether or not the head was broken dorsallv between 
the antennae, and on the “telescoping' of the thorax. In the latest 
and well-received classification of Jordan (in Smart s Insects of Medical 
Importance, 1956) these characters are reduced to subfamily value, 
and fleas with narrow thorax fall into two different families ( I unga in 
Tungidae and Echidnophaga in Pulicidae). 

Jordan divided the fleas into two superfamilies, Pulicoidea and 
Ceratophylloidea, based not on any single character but on a combi¬ 
nation of them, of which perhaps the most reliable for identifying the 
Pulicoidea are (1) the absence of an internal vertical ridge on the wall 
of the midcoxa, (2) metepimeron extending far upward with its spiracle 
well out of line with the other abdominal spiracles, and (3) at most 
one row of bristles on the abdominal segments. 'I he Pulicoidea con¬ 
tain the families Tungidae and Pulicidae; the former contains the genus 
Tunga (chiggers) and the latter the majority of the important annoy¬ 
ing and disease-carrying fleas— Pulrx, Echidnophaga, (tcnoecphalidcs, 
and Xenopsylla. The Tungidae have a “tele scoped thorax, a pygid- 
ium with only 8 pits on each side, and no antepygidial bristles, whereas 
the Pulicidae have broad thoracic segments (except Echidnophaga), 
14 pits on each side of the pygidium, and 1 or more antepygidial 
bristles. 

The Ceratophylloidea are divided into 15 families, but only 3 of 
these contain species that are important to man or his domestic animals: 
Ceratophyllidae (see below), Lcptopsyllidae, and llystrichopsyllidae. 
The family Ceratophyllidae constitute s what was once a single genus 
Ceratophyllus , but it is now split into about 20 genera. Most of them 
are Parasites of rodents or rabbits, but the genus Ceratophyllus (in 
tbe strict sense) contains parasites of birds, two of which are pests of 
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poultry (see p. 658). These have 24 or more spines in the pronotal 
comb. Another ceratophyllid, Nosopsyllus fasciatus (Fig. 198C), is 
the commonest flea of domestic rats in temperate climates; it has 18 or 
20 teeth in the pronotal comb. There are many potential transmitters 



Fig. 198. Heads of fleas, showing arrangement of ctenidia. A, Ctcnocephalides 
amis; R, Lcptop.sylla segnis; C. Xosopsyllus fasciatus. (After Carroll Fox, In¬ 
sects and Disease of Man, Blakiston.) 


of sylvatic plague in this family. Identification of the genera and 
species is beyond the scope of this book, and students are referred 
to Ewing and Fox (1943) and Hubbard (1947). 

The following is a purely artificial key to the common fleas in or 
around human habitations, or important as vectors of plague or typhus: 


lfi. No ctenidia 2 

lb. At least one ctenidium present 5 

2d. Dorsal plates of thorax very narrow, appearing telescoped 3 

2b. Mctanotum as long as or longer than 1st abdominal tergite 4 

3d. Pygidium with only 8 pits on each side; inner side of hind coxa with¬ 
out spinelike bristles; no antepygidial bristles; female with abdominal 
spiracles 11-1V very small or absent, V—VII very large Tunga 

Important species: T. penetrans, the jigger. 

‘ l\gidium with 14 pits on each side; inner side of hind coxa with 
spinc-like bristles; 1 or more antepygidial bristles present 

Echidnophaga 

Important species: E. gatonaccum , sticktight flea of poultry, rats, etc. 
4c. Mcsothorax without a vertical rod; Irons smoothly rounded Putex 
Important species: P. irritans, human Ilea. 

•o'. 1 . Mcsothorax with a vertical rod; suture between antennal grooves 
feebly sclcrotized Xenopsylla 

Important species: X. chcopis (most important plague and typhus 
_ vector), astin. braziliensis, pbiloxcra. vexabilis, hawaiicnsis. 

Ccnal and pronotal ctenidia present 6 

5b. Only pronotal ctenidium present 7 

(in. Ccnal ctenidium horizontal, in the common species on cats and dogs 
with 8 or 9 teeth on each side Ctcnocephalides 

Important species: C. amis and C. felts, cat and dog fleas. 
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6t. Genal ctenidium of 3 spines with a broad genal lobe g™ ™jP ^ 
tcrior to the spines . . r ^ p 

Important species: C. argyrtcsof rats and mice in Europe. 

6c. Genal ctenidium vertical, with 4 spines LeptopsyUa 

Important species: L. scgnis of rats and mice. u„nlnn<%U,i* 

7 a. One row of bristles on each abdominal segment Hoplopsyllus 

lb. Two rows of bristles on each abdominal segment, ^etanotum uith 
d.nrt mical soines Ceralophyllidae (= Dohchop^ll dae) 

Important* species: C. gallinac and C. niger on poultry; Xosopsytlus 
fascial us on rats. 

Habits. Most fleas are neither as strictly host parasites as lice nor 
as strictly nest parasites as bedbugs. The nests or lairs of the host are 
the normal breeding places and are the homes of the eggs, larvae and 
pupae; frequently adults are found in then. too. Many rodent and 
bird fleas arc more frequently found in the nests than on the bod.es 
of the hosts; Wayson (1947) found over 1000 fleas m each of 
rodent nests in an area where the average number on each of o 
trapped animals was 3. The relative numbers on hosts and m the 
nests arc markedly influenced by climate; fleas tend to stay m out of 
cold or rain. Fleas move in and out of rodent burrows on warm mghts 
and may then be picked up by other animals. A few spec .es. e g. 
the cat and clog fleas ( Clcnocephalitlcs fell v and C. emus lay the r 
eggs in the fur of the host, whence they drop oil when the amma 
shakes himself and prepares to sleep, but most spcc.es leave the bos 
to deposit the eggs in nests or burrows. It .s s.gmhcant tha mammals 
that have no permanent habitations, such as monkeys and deer, arc 
nearly free of (leas, although they seldom lack ice 

Most fleas are not so closely limited as are hcc to particular kmds 
of hosts. A few. especially the so-called human flea. Pu cx ,rriKn s, 
probably primarily a pig parasite, are remarkably inchscrunmatc. 
Most fleas of rodents and other small mammal, hunt then,selves 
largely to particular species or genera of preferred hosts, e.g. pra.no 
.logs, ground squirrels, voles, rabbits, shrews, etc but usually can 
survive and even reproduce on one or more ‘secondary hosts. W hen 
these arc closely associated with a -preferred host, random collect,ons 
may give false ideas about true host-flea relations!,,ps. Acc,dental, 
temporary transfers are frequent and may he important, e.g.. when a 
cat brings home a flea from a plague-sick mouse that it was mauling, 
or a vulture transports one for miles after acquiring ,t from a dead 
prairie dog. Most fleas when hungry suck blood wherever they can 
find it. and it is for this reason that rodent fleas are of importance to 
man as transmitters of rodent diseases. Some spec.es requ.rc much 
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less provocation to bite man than others— X. cheopis does this with 
little reluctance, whereas L. scgnis rarely ever does it. 

The fleas found in human houses are mainly of three types: (1) 
so-called human fleas ( Pulex) (Fig. 197); (2) cat and dog fleas 
( Ctenocephalides) (Fig. 197A); and (3) rat and mouse fleas. These 
are discussed further on pp. 655-657. 

Life cycle. The eggs of fleas are oval, pearly-white objects of 
relatively large size, sometimes one-third the length of the parent flea. 
Except for the chiggers they are laid several at a time, the total number 
laid by one female being 300 to 400 or more. The eggs hatch in 
from 2 to 3 days to over 2 weeks, depending on temperature. Eggs 
of N. fasciatus will hatch at temperatures as low as 41 °F., but those of 



Fig. 199. Developmental stages of fleas. Left, larva of Xcnopsylla cheopis. 
(After Hncot and Ridcwood, Parmitologij, 7, 1914.) Bight, dust-covered cocoon 
of Pulex irritans. x 12. 


Pulex and Xenopsylla cheopis require higher temperatures. The most 
favorable conditions for the development of most species are tempera¬ 
tures between 65 and S0° and a humidity of 70% or more. The 
higher the temperature the greater the humidity required. In the 
nests and holes where fleas breed, however, the “microclimate” may be 
favorable even when conditions in the open are highly unfavorable. 

The larvae (Fig. 199) are tiny cylindrical maggotlike creatures with 
neither legs nor eyes, although they arc very sensitive to light. They 
1 i'.ve small brown heads and whitish bodies composed of 13 visible 
cgments and a hidden terminal one, all provided with rather sparse 
bristly hairs to aid in crawling. The last segment is terminated by a 
pair of tiny hooks. 

Tl ,e larvae avoid light and feed upon what bits of organic matter 
they can find, such as mouse “pills,” crumbs, hairs, epidermal scales, 
their own shed skins, and feces of the adult fleas. This contains 
semicligcsted blood on which the larvae thrive; some, e.g., Nosopsyllus 
fasciatus. are said to require it. but others, e.g., Xenopsi/lla cheopis, 
can develop on flour alone. The duration of the larval stage varies 
v. ith climatic conditions and food, and to some degree also with the 
species, and may be from a week to several months. 
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When ready to pupate the larvae spin little silken cocoons that are 
viscid, so that particles of sand, dust, or lint readily adhere to them 
(Fic 199) Under favorable conditions the adults emerge in from 
1 to 2 weeks to a month, but at low temperatures or in dry weather 
the insects may remain dormant in their cocoons for several months 
and thus tide over unfavorable seasons such as northern winters 
or dry seasons in the tropics. The complete life cycle takes a minimum 
of 3 weeks in the tropics and from 4 to 6 weeks in temperate climates 
The adult fleas do not become sexually mature or copulate for some 
days after they escape from the cocoon. Soon after copulation egg 
laying begins, but no breeding takes place without blood meals. 

The length of life of adult fleas depends largely on food supply, 
temperature, and humidity. At low temperatures (60F ) well-fed 
fleas may live for several years. In the absence of a host they have 
less endurance than ticks or even bugs, but may survive for seve a 
months, even for a year or more at low temperatures The optimum 
climatic conditions and normal length of life probably vary a great 
deal with different species. Most of the CcnUophyllus group and 
also Pulex irrilans are fleas of temperate or cold climates, whereas 
the species of Xenopsylla are characteristic of hot climates. 

Unlike most bloodsucking insects, fleas usually feed at frequent inter¬ 
vals, generally at least once a day and sometimes oftener FI. as 
frequently feed even when the digestive tract is already we I filled a 1 
may pass practically unaltered blood in tl.e.r feces to be utilized. 

second-hand, by the larvae. „ . > . 

The susceptibility of different individuals to flea bites is variable. 

Some people are apparently entirely immune to flea bites and feel no 
pain from them. The senior writer on Ins first visit to Calrfomu. 
warned to expect trouble from fleas (Pulex Irntans). was pleasantly 
surprised to feel no discomfort other than tickling as the flea 
promenaded, while a roommate spent many sleepless hours in pursuit 
of the wily fleas and in violent massaging o painful wounds. Some 
people suffer immediate reactions, others delayed react,ons in winch 
the irritation develops from 1 to 3 days later In allergic persons a 
course of events like that described for sandfly bites on p. 529 takes 
place. Immunity can be artificially induced in most people by injec 
tion of antigens made from pulverized fleas (see p. 530). 


Fleas and Disease 

Fleas are the prime transmitters, both among their reservoir hosts 
and to man, of two human diseases of outstanding importance—plague 
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and murine or endemic typhus. They are also important transmitters 
of tularemia among rodents, play a part in the spread of myxomatosis 
among rabbits, and serve as intermediate hosts of certain tapeworms. 


FLEAS AND PLAGUE 

Plague (see comprehensive review by Pollitzer, 1954), like smallpox 
and cholera, once ranked among die great scourges of mankind. In 
a fourteenth century epidemic in Europe it is estimated that one- 
fourth of the population of that continent, some 25 million people, 
died of the disease, and superstition and unreasoning terror led to 
horrible persecution and torture. Only early in the twentieth century 
was the role of commensal rats as reservoir hosts in cities clearly 
established. In 1914 an Indian Plague Commission (see Bacot and 
Martin, 1914) discovered the usual method of transmission—the 
bacilli that cause the disease. Pasteurella pest is (see p. 226), when 
acquired from an infected host by a flea that is a good vector, such 
as the Oriental rat flea, Xcnopsylla chcopis, multiply so prodigiously 
that the flea’s digestive tract becomes solidly blocked by masses of 
the organisms (Fig. 2(H)); such “blocked fleas are unable to ingest 
more blood and in attempting to do so they regurgitate plague germs 
into their victims. 

For many years this domestic epidemiology involving rat epizootics 
followed by human epidemics, brought on by the biting of man by 
infected rat fleas orphaned when plague killed their natural hosts, was 
the only form ol the disease known, just as was the case with the 
epidemic form of yellow fever. Gradually during the last fifty years 
ii has become clear that in many parts of the world plague exists 
m a sylvatic form among wild rodents, constituting a vast, often 
unrecognized, reservoir of infection comparable with the jungle form 
o! yellow fever. Among some of these svlvatic hosts, e.g., prairie 
dogs, ground squirrels, and marmots, as among domestic rats, plague 
may cause extensive die-offs, just as yellow fever does among monkeys, 
but some wild hosts in this country, particularly voles ( Microttis ), 
and in the Old World, gerbils. are susceptible but seldom die. These 
are probabK ot prime importance in keeping plague alive. 

\s with yellow lever, the classic, epidemic disease is fast dying out; 
in 1956 less than TOO cases of human plague were reported in the 
entire world —a contrast to the half-million cases a year formerly 
occurring in India alone. Svlvatic plague causes extremely few human 
cases since the probability of transmission in the wilds is very small. 
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but there is a constant threat that the smoldering sylvatic disease may 
burst into epidemic flame by transfer to rats and thence eventually 
to man. Few fleas are strictly host-specific, so where wild rodents 
and domestic rats coexist in suburbs, recreation areas, dumps, etc., 
transfer of fleas can occur, and with them the disease, after which 
X. cheopis takes over and trouble lies ahead. Having sylvatic plague 
in your suburbs is like having a Typhoid Mary in your kitchen or a 
rattlesnake on your golf course. It is an unpleasant threat. 



,00. Blocking of fleas by plague l.acilli. A position of proven r,cuius 

and stomach of Ilea as they appear when . of blood ». P'-vn.ncuh^ md 

fore part of stomach partially blocked < hcav.ly 'ha. e.l arc. ,) C, pros mtn; 
ulus completely blocked, (fl aud C adapted from tsky aod Haas, Publ. Heal", 

Bull. 254, 1010.) 


Plague is a highly fatal disease. Infection by bites ,.f blocked fleas 
causes the “bubonic” form; after a short incubation period there is a 
sudden high fever, mental disturbance, and severe prostration.with 
characteristic large swollen lymph glands called buboes Direct 
passage from man to man may occur via the respiratory traet causing 
even more fatal pneumonic plague (mortality around 90/«), but this 
is limited to small local outbreaks following a bubonic case 

The importance of particular kinds of fleas as vectors of plague 
depends on many factors, among which are their abundance; the 
percentage that become infected when feeding on infected hosts; 
the frequency with which these become blocked; the time required 
for blocking; how long unblocked fleas live before they either lose 
their infections (up to 15 days in cool weather); and how long they 
survive after blocking—factors which for any particular flea may be 
greatly influenced by climatic conditions. All these factors affect their 
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efficiency as vectors among their preferred hosts. As far as man is 
concerned, another important factor is the freedom with which the 
species will transfer its attention from its preferred hosts, before or 
after these hosts die off, either directly to man, or indirectly via rats 
(see Pollitzer, 1954, Kartman et al., 1958). 

Human epidemics in urban areas are always preceded by epizootics 
among commensal rats, the disease being transmitted to man by 
hungry blocked fleas orphaned by the dying off of the rats. Members 
of the genus Xenopsylla , widely distributed in warm parts of the world, 
are the best transmitters. X. cheopis is an excellent vector on all 
counts, needs less provocation to feed on man than do most rodent 
fleas, and is the dominant flea on rats in all warm parts of the world. 
In the United States this flea has established itself locally even in 
places like Denver, St. Louis, and Washington, but it is prevalent 
throughout the southeastern states, Texas, and California seaports. 
A. brazilicnsis is also a good rat-to-man transmitter in parts of Africa, 
but X. nstia in India and Ceylon is relatively inefficient. 

Just as yellow fever may be transported and temporarily established 
far outside the usual range of Acdes aegypti, so may plague be dis¬ 
persed by infected rats, or by fleas abandoned by them—such fleas 
might be able to start an outbreak even up to 2 weeks. However, 
unless X. cheopis is present in abundance, such outbreaks soon die 
out since the other rat fleas, mainly Sosopsyllus fasciatus and Lep- 
to pay I la segnis, are relatively inefficient vectors to man. N. fasciatus 
tends to stay in rat nests, and L. segnis is very reluctant to bite man. 

Sylvatic plague occurs in many parts of the world, and involves 
very many vertebrate hosts and many different fleas. Macchiavello 
(1954) listed 344 mammals and 2 birds that are at least potential 
harborers of plague, the majority of them rodents. Although blocked 
fleas undoubtedly play an important part in sylvatic plague as well 
as in human plague, other mechanisms are also involved, e.g., nipping 
flf*as infection of bites by flea feces, and mechanical transmission by 
infected mouth parts when fleas and rodents are present “en masse. 
Therefore even fleas like Muluracus tclchinum on Microtus , although 
they do not become blocked, may be concerned in maintaining 
sylvatic* plague. In addition, rodent cannibalism is a factor. 

Plague is generally believed to have been introduced into San 
Francisco by seafaring rats in 1900. whence it spread to ground 
squirrels and other rodents, but it now seems possible that it could 
have had a sylvatic origin. In 1920 it entered ports on the Gulf Coast 
of Texas, but died out without establishing itself in sylvatic form. 
Sylvatic plague is now present throughout the western half of North 



Fleas (Siphonaptera) 653 

America, and has been found in most species of rodents and numerous 
fleas. The importance of either a vertebrate or a flea varies not only 
with the species, but varies under different environmental conditions. 
Much more needs to be learned about the ecology of plague, as Kart- 
man et al. (1958) have ably demonstrated. As far as human infection 
is concerned but less so conservation in nature, the large rodents that 
die off extensively, e.g., prairie dogs, ground squirrels, and marmots 
are important. Ranchers aid in distribution of plague by capturing 
sick prairie dogs and setting them free on their own ranches to trans- 
mit the infection to new colonies and thus exterminate them. Tins 
reminiscent of a friend who unwittingly kept a blackwidow spider as 
a pet in her house because it killed flies. One enterprising boy ... 
Colorado was found catching sick prairie dogs and selling them t 

unsuspecting tourists as souvenirs! . „ , . . 

Other important known foci of sylvatic plague exist in Central Asia 
and southeast Russia; in Manchuria, where 60.000 people hunting 
marmots for their skins fell victim in 1910-1911; ... South Africa where 
the semidomestic multimam.nate mouse comes into houses and passe 
the disease on to domestic rats harboring X. brazilicnsis; and in sever, 
parts of South America. Now that epidemic p ague is dying out 
India, it is becoming apparent that even there the- basic ™ ° 

the infection is in wild rodents in foothills not under full cultivation 

Control of plague will he considered along with that of endemic 

typhus on p. 660. 

Fleas and Typhus 

In 1926 Maxcy pointed out that the epidemiology of sporadic cases 
of typhus occurring in southern United States was not suggest.ve ol 
louse transmission but had the earmarks of a disease transmitted c nl> 
occasionally to man from a rodent reservoir. Subsequent vvorhby 
Dyer and his colleagues of the U. S. Public Health Service showed tha 
this was true and that this endemic type o typhus (see p 216) ex. 
among rats and was transmitted principally by fleas. It is associated 
with rat-infested localities such as granaries, markets, and restaurants, 
and is now known to occur in nearly all temperate and tropical parts 
of the world, where it is variously known as endemic, murine, or shop 
typhus. It exists in wild rodents and other small mammals as well as 
in house rats. A number of species of fleas, as well as occasionally rat 
lice, bloodsucking mites, and even ticks are capable of transmission 
among reservoir hosts, but Xenopsylla cheopis is believed to be the 
only species of importance in maintaining the disease among domestic 
rats and man. at least in the United States. However, after initial 
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infection by a rodent flea, the disease may be spread from person to 
person by lice (see p. 627). In fleas the rickettsia (Ricketts,a typhi) 
multiply in the cells lining the gut and are voided with the feces, 
where they may remain viable for weeks, just as R. prowazekn does in 
lice. Unlike lice, fleas are not killed by the infection and may remain 
infected for life and for some time after death, but there is no trans- 
ovarial transmission. 

The disease in man is much milder than the epidemic louse-borne 
type and also differs from it in causing scrotal swellings in guinea pigs. 
In rats and mice it is usually symptomless; since the rats do not die 
from it their fleas are not forced by hunger to seek human blood. Be¬ 
sides, there is no mechanism like the blocking in plague to enable the 
fleas to transmit the disease by their bites; only their feces and crushed 
bodies are infective. Since this is much less likely to lead to human 
infection, human cases are sporadic, although local outbreaks may 
follow rat-eliminating campaigns. Occasionally cases may result from 
contamination of food by urine of infected rats, or from handling rats 
themselves. 

In the United States typhus is endemic principally in the southern 
states. Up to 1930 few cases were reported, but after that time the 
disease became commoner year by year at an accelerating rate, until 
in 1945 over 5000 cases were reported, the largest numbers being in 
Texas and Georgia. In a survey in one Texas county 94% of urban 
and SO', of rural buildings harbored rats which by blood test were 
positive for typhus; and of 213 pools of the three commonest rat fleas 
(Xcnopstilla cJwopis, Nosopsyllus fasciatus , and LeptopstjUa segnis), 
53 harbored typhus. Some of these were found on kittens, puppies, 
and opossums. 

The disease has repeatedly been introduced into more northern 
cities along with X. vhcopis , but in such places this flea remains very 
localized or fails to establish itself permanently. Otherwise the grad¬ 
ual encroachment of this infection from the south and of plague from 
the* west would be an unpleasant outlook for mid western cities. Since 
1915 the number of typhus cases has steadily decreased until in 1952 
and 1953 there were only a few over 200 cases each year, a 96% 
reduction. By 1959, the number dropped even more. This has been 
due in part, no doubt, to vigorous anti-tvphus campaigns including 
DOT dusting of rat runs (see p. 660), poisoning of rats, and rat¬ 
proofing of buildings, but a similar decrease took place in Puerto 
Hico without human effort. Possibly when a high percentage of local 
rats develop antibodies against typhus, sucking immune blood inter¬ 
feres with development of the rickettsias in fleas. 
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Fleas and Other Diseases 

Fleas easily become infected with tularemia (see p. 226). and may 
remain carriers for a month, but they are probably no, 

mitters. They also transmit Whitmores bacdlus caus.ng a glanders 

like disease in rodents and man in southeastern Asia Tovar in 1947 
reported that fleas, as well as bedbugs and ticks, could transmit bru- 
cellosis (see p. 595). Fleas serve as intermediate hosts for the non- 
pathogenic rat trypanosome. Trypanosoma Icwisi but S f UZOt ^ m ^ 

L*. Although « develop, i„ S «eh dffleten, otth,.^, «ek, -d 
bugs undergoes rapid degeneration in fleas. This is also true 
relapsine-fever spirochetes. Fleas were long suspected of transmitting 
S oSll, end e.nioe lei.hno.otod, (,ee p. 116) jo 

region the occurrence of a natural Lepton,onas in fleas provided con 
siderable circumstantial evidence against them, but they were finally 

^Saslerve as intermediate hosts for certain tapeworms, among them 
Dipylidium caninum (see p. 371) of dogs and caU. wind, s 
in children, and Hymenolepis diminuta and H. nanu of aU. m.ce and 
man (see pp. 367 and 370). The eggs are ingested by larvae, but 
cysticercoids finish their development in the adult fleas. 

Notes on Important Specie* of Flea* 

„ pi T I.„ only species of flea that is known to be a 

man is annoyed more by certain I of pigs , and it has 

sites of his domestic animals. I his flea al. I F one 

been found on many other animals It probablyor gmatcd m lSwope. 

whence it has been introduced to all parts of the world, but s lam cl 
wntnee 11 nas utt spec ies that has made northern 

rare in the tropics. This flca is for ils mosquitoes. 

California as famous for its fleas as New jersey 

A cool, humid summer climate coinbincc \\i • * beemse 

ideal for this pest. I, is not an important plague tranu ntt r bcca 
it seldom becomes -blocked,” but it may cause some infections bv 

fe Dog and cat fleas. Next in frequence to the human flea as para¬ 
sites of man are the .log and cat fleas. Ctcnocephal.Jes «n»«“» C. 
fells. In the southeastern United States where the flea J 

petes very well with that of California, these are the species usual v 
met with During the moist, ho, summers they become excceding y 
abundant. Although primarily parasites of dogs and cats they vv ilhngly 
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include man in their bill of fare when the preferred hosts are not 
readily available. A case once came to the senior writer’s attention in 
which the residents of a house were unmercifully bitten after disposing 
of a badly infested dog and two or three cats, although there had 
previously been no annoyance. Cat and dog fleas readily go from one 
of these hosts to the other. These fleas can easily be distinguishable 
from any other common species by the presence of two well-developed 
ctcnidia (Fig. 198A), each with numerous teeth. 

The eggs are usually laid loosely in the fur, whence they fall out 
when the host shakes himself or is settling himself for a nap. They 
develop in the dust and dirt of kennels, woodsheds, house floors, or 
other places where infested animals are likely to go. Patton and Cragg 
found the inside of a hat in which a kitten had slept overnight so full 
of flea eggs that it looked as if it had had sugar sprinkled in it. 

Dog and cat fleas, from their habits, are the species most frequently 
implicated in the transmission of the dog tapeworm ( Dipylidium) to 
children. These species are even less frequently concerned with plague 
transmission than is Pulex irritans. 

Rodent fleas. The various species of fleas that infest rats, ground 
squirrels, and sometimes other rodents are only accidental parasites of 
man. If it were not for their importance in the spread of plague and 
typhus they would need no special consideration. For identification 
of the commoner species refer to the key on p. 646. 

The combless fleas of the genus Xcnopsylla (Fig. 194), which are 
of the greatest importance in transmission of epidemic plague among 
domestic rats and man, and of murine typhus to man, are primarily 
residents of Asia and Africa, but X. chcopis (sec p. 649) has accom¬ 
panied rats to all important seaports in the world and thence inland in 
many places. This species attacks man more readily than most rodent 
fleas when deprived of its normal hosts. X. chcopis and X. ostia (Figs. 
194, 197, 201) are both common in India; chcopis , however, has 
accompanied its rat hosts to all warm parts of the world and is the 
most important transmitter to man of both plague and murine typhus. 
It attacks man more readily than most rodent species when deprived 
of its normal hosts. In temperate climates this flea is most abundant 
in summer. X. hrazilicnsis is the most prevalent species on domestic 
rats in Africa, and X. philoxcra in South Africa, and X. vexabilis and 
hatcaiicnsis are common on field rats. 

Xosopsyllus fosciatus (Fig. 19SC) is the most prevalent flea on 
domestic rats in temperate climates, and LcptopsyUa segnis (Fig. 197B) 
is very common on rats and mice in southern United States. These two 
fleas are the prevalent species on rats in winter and spring. All three 
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of the commonest rat fleas, as well as the domestic rats (Rattus spy.) 
and the house mouse, are imported from the Old World The stick- 
tight flea (see following section) is another potential plague vector 

found on rats. 







aatia cheopia 


astia 


braziliensis 


- cheopis 

a,» ars isrzxr* sr^ns. 

(From Trap. Diseases Hull., 20, 1923.) 



ass"™ : 

Blshopp; B and C fro... Fox. Flea, of holer ,. North America.) 


Bird fleas. There are three important fleas of poultry. One, the 
small sticktight flea, Echidnophaga gallinacea ( Fig. 20 2 ). belonging to 
the family Pulicidae (see p. 645). has a world-wide distribut on m 
warm countries, and is the most important flea. peft of poultry m e 
United States. The female of this flea sticks t.ght to its ho -n one 
place; it appears to be gregarious, collecting in clusters on the heads 
of poultry, in the ears of mammals, etc. It burrows to some exten , 
causing considerable irritation. Besides poultry, it attacks dogs, cats, 
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rabbits, rats, and other mammals and birds, and not infrequently 
children. The eggs are scattered on hen-house floors, dog yards, etc. 
Since this flea is susceptible to plague and attacks both birds and 
rodents, it may carry infection from wild to domestic rodents, and 
when attached to such birds as vultures, hawks, or pheasants may be a 
means of carrying it to distant places. 

The other two important bird fleas are CeratophjUus gallinae in 
Europe and eastern United States and C. niger in western United 
States. These have habits like those of rodent fleas, living primarily in 
the nests. 


Jiggers. The jigger, chigoe, or sand flea, Tunga penetrans (Fig. 
203), is the pest which inspired the sailor s oath, “I'll be jiggered.” 
Originally found in tropical America, it was introduced to west Africa 
with some ballast sand in 1872. It spread rapidly over nearly the 
whole of Africa but has failed to establish itself in Europe or India. 
The jigger is a small flea, only about 1 mm. in length, of the family 
Tungidae (see key p. 646). The males and virgin females are similar 
to other fleas in habits, except that they attack a wider range of hosts. 
Man and pigs seem to be the principal hosts of this pest, but cats, clogs, 
and rats are also attacked. 

The jigger breeds especially in regions with sandy soil shaded by 
heavy underbrush or in tlu* earth floors of native houses. After emer¬ 
gence the fleas lie in waiting in debris on the ground and attack mainly 
the feet of animals or human beings which come their way. The par¬ 
ticular importance of this flea lies in the fact that the impregnated 
females have the aggravating habit of becoming imbedded in the skin, 
especially in such tender spots as under the toenails. They retain the 
eggs in the abdomen, causing it to swell into a great round ball as 
1 u ge as a pea. The head and legs appear as inconspicuous appendages 
' f ig. 203H)* Only the two posterior segments of the abdomen do not 
i. m-: these projec t from the swollen inflamed skin in which the flea 
is i n.bedded. The eggs, up to a hundred in number, mature in about 
a w vl; uul are then expelled by the female through the protrud¬ 
in'' end o! the abdomen. Sometimes the entire gravid female is ex¬ 
pelled. 

: lie e'-gs f;»i| to the ground, where they undergo development in the 
orthodox siphonapteran manner: the larvae (Fig. 203C) feed on or- 
, ’ a,,K oe! >iis. grow to maturity, pupate in a cocoon, and finally emerge 
as a t;;Its after 17 days or more. Faust and Maxwell, however, have 
observed an unusual case in which the thriving larvae were found in 
vanous stages of development in skin scrapings from the inguinal and 
pubic regions of a man who had been attacked in these parts by 
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adult jiggers while sitting on some bales of sisal imported from Yuca- 


tan. 


The wounds made by the burrowing female in the skin become much 
inflamed and very painful, especially if the distended abdomen of a 
flea is crushed and the eggs released in the wound. After the eggs ar 
laid and the flea expelled, secondary infections may cause loss of toes 
or limbs, or death from tetanus or gangrene. 



A head and thorax (after Hubbard 
fig. 203 Tonga •' IW) I* iiruvid 9 d.owmj! leg* dlsintegrat- 

F leas of Western North Amenta. ' ricks Slilvs an,I Venomous Animals of 

laelniac. 


Al'^ugh^a'ly ^ 

-« - 

sterile needle and remove the parasite entire, then carefully dress 

wound and protect it until healed. f 

.. 1 », Hooer rceions should be kept as fret as pos 

K '« «— America Cures recom¬ 
mended a prohibition against driving hogs allectcd 
through the streets, along with regulations for treat,ng affected hogs 
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where they are raised. Spraying premises with a 2.5% DDT suspen¬ 
sion quickly eliminates jiggers. Dusting the feet and socks with DDT 
is the best means of personal protection. 

Control of Fleas and Flea-Borne Diseases 

Except in a few instances where minor resistance has developed, 
fleas are very susceptible to DDT and other modern insecticides. In 
homes sprays applied to floors and lower walls, and light mists to rugs, 
furniture, etc., are recommended, and in animal quarters or yards, 
sprays, dusts or silica aerogels. On cats or dogs use powders contain- 
ing pyrethrum plus a synergist, or rotenone; on older dogs and on 
pigs, goats, etc., the hydrocarbons or phosphorus compounds can be 
used. Cats lick olf DDT and are sickened by it, but lightly dusting 
the sleeping places soon controls the situation. When pyrethrum is 
used the fleas begin to leave the animal, and though temporarily para¬ 
lyzed, sometimes recover, so the animals should be treated outdoors, 
or where the fleas can be swept up and destroyed. 

Control of plague and endemic typhus. In controlling plague in 
the past reliance has been placed almost entirely on rat control, but 
this had its dangers, since the fleas, if not killed with the rats by fumi¬ 
gation with HCN, methyl bromide, or burning sulfur, were likely to 
turn their attention to man. This was especially true with typhus, since 
this disease docs not kill the rats, and so only occasional human cases 
occur until the fleas arc orphaned by poisoning, trapping, or driving 
off of their rat hosts. Often a rat campaign precipitates a number of 
human typhus cases. There arc situations where immediate destruc¬ 
tion of both rats and fleas by fumigation is indicated. 

Since the advent of DDT, it has been possible to control these dis¬ 
eases without this danger from orphaned fleas. The procedure is first 
to dust harborage places and rat runs heavily with DDT or Chlordane 
and to blow it into the openings of burrows. Bats pick up enough 
DDT on their feet, tails, and fur to kill fleas not only on their own 
bodies but also in their nests. Depending on how thoroughly the dust¬ 
ing is done, tire flea index on rats is reduced SO to 99% almost at once, 
and 75 to SO' i control can be expected after 4 to 6 months. In practice 
it takes about 2 to 3 lb. of 10% dust per premise. Good control of 
flea> is also obtained by applying 5% DDT emulsion to runways, 
liai borage places, etc., in residences or other places where the dust is 
undesirable. Two or three days after dusting, rats may be destroyed 
by poisoning with some of the new rodenticides, such as Warfarin, 
T0S0” (sodium fluoroacetate), or Antu. These methods are rapidly 
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making epidemic plague a thing of the past. Additional protection, 
e.g., for military forces, is possible by the use of vaccines, which are 
available for both typhus and plague. 

Both DDT dusting and rat poisoning arc temporary measures. Per¬ 
manent good comes only from ratproofing buildings where this is 
possible, as it is in American cities. The cost is low compared with 
loss from rats, even without considering their relation to disease, since 
rats usually outnumber the human population three to two, and the 
average cost of upkeep per rat for food and goods destroyed is esti¬ 
mated at one-half cent per day. That amounts to $1.80 per rat per 
year, or a total of over $250,000 for a city of 100,000 population. 

Control of sylvatic plague is feasible only as an emergency measure, 
e.g., near villages, suburbs, or garbage dumps where domestic and 
wild rodents mingle, or when epizootics occur near military camps, in 
national parks, etc. Dusting burrows of larger rodents and using 
insecticidal “bait boxes" for small ones (K.ntman. 1958) makes flea 
control an effective do-it-yourself proposition for these wild rodents. 
In the long run, however, control of domestic rats is the only pei- 
manent safeguard. 
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DIPTERA 

I. BLOODSUCKING 

AND DISEASE-CARRYING FLIES 

OTHER THAN MOSQUITOES 


- A, r2s nrs: 
rss ^ c—. 

included the* normal transmit c rs c ^ filariasis, yellow fever, 

leishmaniasis, Oroya fever, various .1 j O j|, or vims in¬ 
dengue, sandfly fever ™\""^ would 

fections. Without their <hptcrm. a s anthrax, yaws, 

probably entirely disappear. 0 ^ flu . s alK , house-fly and 

and pinkeye, are mechanically c im . cl , allk . a | , r a, ls ,nission of all 

other nonbiting flies are imolx< Pipt.-ra include nearly all 

kinds of filth diseases. Besides al b. ' ' or digestive tract 

the insects which infect wounds, skin, nasal passai, 

in the larval (maggot) T<> lllltlCTS ,and the relations of 

General structure of D. ^ ^ classifitatioll , W e must make 

these numerous important insec classification of the order 

a brief survey of the character,, es an ^ * roa<lily from 

Dip,era. The -hole order ™« ^ one ^ of membra.. 

other insects by the f ac ';' represented only by an insig- 

wings, the second pair of wings 1 . ovvn . IS halt eras (see 

nificant pair of knobbed rodl.ke appemsecondarily 
Fig. 226). Even in those orm m ^ h.ch ^ ^ ^ ^ ^ 

absent the halteres are usualK 1 , . balancers. In 

durini- ft*. (» ,»,» J- “ “”1. 
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this, in many Cyclorrhapha are one or two additional lobes called 
squamae or calypters (Fig. 246). 

The legs consist of the usual segments (see p. 521), generally with 
long coxae. The tarsi are usually terminated by two claws with pad¬ 
like “pulvilli” under them, and often a third appendage, the “empo- 
dium,” between them, either bristlelike or resembling a third pulvil- 
lus. The head is joined to the thorax by a very narrow, flexible neck. 
The thorax has its three component parts fused. The abdomen usually 



Fig. 204. Types of antennne of Diptcra: .A, 9 and 6 mosquito ( Culcx ); B, 
Sinmliuin, bl.ukfly; ('. Clmjsopila. a leptid; D, Chrysops dlssimiUs; E, Tabanus ; 
E, Mttsca, housefly; C., Glostlna, t***t\o fly. 


consists of four to nine visible segments and is terminated by egg- 
r. !ni; organs in the female and by the clasping or copulatory organs 
• the male. 

ie antennae and also the palpi are of considerable use in classifica- 
tlu* extent of the variations in the antennae may be gathered 
; j 201. In die more generalized families, e.g., the Nematocera, 
:»t« "ikk* < onsisl o! many segments which, except the basal two, 
similar in form (Fig. 204.4, B) and often bear whorls of hairs 
w hieli m tile males give a plumose effect, e.g., in male mosquitoes. In 
inoic specialised families the terminal segments tend to coalesce more 
or less < 1 ig. 201C. D, as in the tabanids and other Brachycera, 
or tlu' segments beyond the third are reduced to a simple or plumose 
bristle or arista which appears as an appendage of the enlarged third 
segment (Fig. 204F, C), as in nearly all the Cyclorrhapha. 

Iho mouth parts are profoundly modified in accordance with the 
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habits of the flies. In the botflies, in which the adults live only long 
enough to reproduce their kind, the mouth parts and even the mouth 
are much degenerated; in the nonbloodsucking forms, such as the 
common housefly, the mouth parts are developed as a fleshy proboscis 
which is used for lapping up dissolved foods; in the bloodsuckers, 
which are the forms that particularly interest us here, the mouth parts 
are developed into an efficient sucking and piercing apparatus. In the 
suborder Orthorrhapha (mosquitoes, sandflies, blackflies, and horse¬ 
flies) the labium acts as a sheath for the other parts which are fitted 
for piercing and sucking; in the Cyclorrhapha ( Stomoxys , hornfly and 
the tsetse flies), the labium itself forms a piercing organ and the 
epipharynx and hypopharynx form a sucking tube, the mandibles and 
maxillae being absent. The evolution of this type of proboscis is 

discussed and illustrated on p. 692. 

Life histories. All Diptera have a complete metamorphosis, 
but beyond that fact the life l.istors varies with,., wide limits. Most 
flies lay crus, which require from minutes to days to hatch; others, 
c.g.. the sheep nasal fly. Oestrus avis, deposit newly hatched larvae 
and still others. e.g„ the tsetse flies and the H.ppobosc.dae do no 
deposit their offspring until they have undergone the.r whole larsal 

development and are ready to pupate. 4 . . , m . 

The larvae of Diptera may be simple maggots without distinct Heads 
or appendages and capable of only li.nited squirming movements e g., 
the screwwor.ns, or they may be active creatures with well-developed 
heads, e.g„ the larvae of mosquitoes anti nudges. Many arc aquatic, 
many others terrestrial. Usually the eggs are laul where the larvae 
will find conditions suitable for their development, and the fl.es often 
show such highly developed instincts in this respect that .1 .s hard 
to credit them with actual forethought. , 

The pupae of Diptera also vary widely. In the suborder Ortho - 

rhapha the pupa is protected only by its own hardened cuticle.or. as 
in the blackflies, a spun cocoon, ami is often capable of ^..sulerable 

activity; from this"obtectcd" type of pupa (I->g - > ' 1 11 •“ " 

emerges through a transverse or T-shaped slit, us.ia > "< •" " • 

end. In the suborder, Cyelorrl.apba the pupa returns the>•' *' 1 «' 
skin of the larva as a protective covering or pup.irmm am * • 
capable of very slight movement; from tins coarctatc I | 
puparium (Fig. 205A) the adult escapes by a circular open,u„ n. 
by pushing ofl the anterior end of the pupanu," hence the name 
Cyclorrhapha, meaning “circular slit." Except n, a few «a, Iks 

(group Aschiza) this is done by means of a hermahy- ou g o«th on 
the front of the head. This outgrowth, called the pt.h.uu.n (I ig- 
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205C), shrinks after the fly has emerged, but leaves a permanent 
crescent-shaped mark on the head known as the “frontal lunule” 
(Fig. 205D), which embraces the bases of the antennae. 


’ ! % 2 W> 


rig. 205. A and B, typos of pupal cases, showing manner of emergence of 
adults; A, empty puparium of blowfly, typical coarctate pupa of Cyclorrhapha; 
B, empty case of mosquito, typical obtected pupa of Orthorrhnpha; C, newly 
emerged fly showing bladder-like ptilinium ( ptil.) by which the end of the pupal 
case is pushed off; D, face of fly showing crescent-shaped scar of lunule (/tin.) 
left by drying up of ptilinium; oc., ocelli. (After Alcock, Entomology for Med¬ 
ical Officers, 1920.) 

The classification of the Diptera into major divisions and the char¬ 
acteristics which distinguish the forms that are of medical or veteri¬ 
nary importance are shown in the following key: 

Suborder Orthorrliapha. Pupa not encased in old larval skin and often 
active; adults emerge through straight or T-shaped dorsal slit (Fig. 205/1); 
larvae usually with well-developed or somewhat reduced head; wing vena¬ 
tion usually fairly simple. 

h/. Antennae of at least 6 similar joints, and usually long (Fig. 204A, 
/l); larvae with well-developed head; series Ncmatocera 2 

16. Antennae short, with 3 segments, of which the third may show some 
annulution (Fig. 204£); series Brachyccra 5 

2a. Antennae much longer than head, with distinct whorls of hairs at 
joints, often plumose in males 3 

26. Antennae not much longer than head, with no long hairs (Fig. 
204/1): body stout and humped '; wings broad, with only anterior 
veins well developed (Fig. 212); (blackflies) Sinmliidue 

3«. Body clothed with scales; scales on wing veins and fringe (Fig. 

238); (mosquitoes) Culicidac 

36. Body and wings without scales 4 

4u. W ings with 9 to 11 long, parallel veins, with no cross-veins except 
at.base (I’ig. 206); body hairy and mothlike Psychodidae 

46. \\ ing veins not all nearly parallel; body not very* hairy; small and 
short; broad wings fold flat over abdomen, often mottled, anterior 
veins thickened (Fig. 210) Heleidae (-Ceratopogonidae) 

5a. Third antennal segment annulated, never with a bristle (Fig. 204D, 
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E); a forked vein near tip of wing (Fig- 214A); mouth parts fitted 
for piercing; wings held apart when at rest; large robust abani(lac 

56. Antennae short, with a bristle or style (Fig. 2040); abdomen fcng^ 
and tapering; snipe Hies 

Suborder Cyclorrhapha. Pupa encased in old larva skm 

hU 

modified. ont - n \ series Aschiza 

J “ K Ktt KS . u. r «-. pK - 

family Syrphidae, and Aphiochaela of famil> Phondae. , 

lb. Frontal lunule present; abdomen distinctly seg- 

' ment°cd e (F?g S 258); larval development outside uterus except •» ^ 

*• SSs^si’SiSis sszi 





««■ >06. . .. ariecntlpcs: A. 

genitalia; ,.c.d.. distal wgnKI'l of s»tK w ‘„, spim . i.o.. inU.m.iU. nt 

superior clasper; l.a. inter...«! a. * I Sinlo „. Tram. Far Easier,, Assoc. 

organ; l.c., inferior clasper. (Adapteu 
Trop. Med., 7th Congr., 1928.) 
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veins crowded along costal margin; larval development in uterus 
(pupiparous); palpi forming sheath for proboscis; parasitic; Hippo- 
boscidae ^ 

3 a. Wingless, abdomen unsegmented; pupae glued to wool; on sheep 
(sheep tick, Fig. 225C) Melophagus 

3 b. Winged (Fig. 225A); pupae develop off host; many genera and 
species on birds; on horses, camels, dogs Hippobosca 

4a. Squamae (or calvpteres) rudimentary or absent 5 

4b. Squamae well developed 6 

5a. Mouth parts vestigial; horse botflies Gasterophilidae 

5b. Mouth parts normal; wing without subcostal or anal veins, and no 
closed cells (Fig. 224) (eye flies) Chloropidae 

6a. Proboscis well developed; wings about as in Fig. 218A (Muscoidea) 7 

6b. Mouth parts vestigial; no palpi; hairy, beelike flies (botflies); (for 
key to genera, see p. 771) Oestridae 

la. Proboscis fleshy, fitted for lapping or at most for scratching (Fig. 
210, A and B): arista with lateral hairs, or, rarely, bare; houseflies, 
fleshflies, blowflies, screwworm flies. See key on p. 768. 

lb. Proboscis fitted for piercing 8 

Ha. Palpi short, not forming sheath lor proboscis (Fig. 217, C) (stable- 

flies) Stomoxys 

8 h. Palpi long, capable of sheathing proboscis (Fig. 217, D) 9 

9 a. Arista with long feathered hairs on upper surface; wings folded on 
top of each other (tsetse flics) Glostina 

9b. Arista with simple hairs on upper surface; wings diverge when folded 
(homily) Siphona 


SUBORDER ORTHORRHAPHA 


Phlebotomus or Sandflies (Psycliodidae) 

Grneral Account. Phlebotomus flies, commonly known as sand- 
».in ite. hairy midges found in nearly all warm and tropical 
•t.' s ! the v. >rld. They belong to the family Psvchodidae, most 
M oh 1 .- tiny moths on account of their very hairy bodies and 
I la y are easily recognized by the characteristic wing 
»tl > series of more or less parallel veins and with no 
; ept near the base ( Fig. 206ZF) Phlebotomus flies bold 
- led over the body when resting, and are less mothlike 
than other pswhodids. 

lit >d i t’OiS) divided the Psychodidae into four subfamilies, of 
\' lr< « only the Phlebotominac arc bloodsuckers. All of these are 
usually included in a single genus Phlebotomus; but Theodor recog- 
:u/i\! lour genera, and at least one lias been added since. Phlebotomus , 
however, contains nearly all the species that feed on man and other 
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mammals and all that are implicated in the transmission of disease 

except some South America species, e g Lutzomym 

Morphology. The sandflies (Fig- 206A) are small dull-colored 

insects, usually yellowish or buff, slender in build. with bo ‘^ 

very long and lanky legs, and narrow ha.ry-ve.ned wings. The,.have 
long slender antennae, long maxillary palpi, and a ^osasJo, »er 
than the head The proboscis consists ol a fleshy labium containing 
daggerlike mandibles and maxillae, both with «.«hke teeth atthe' t.ps; 
a bladelike hypopharynx containing the* sah\.»r\ duct. . 4 

;,gS“ i.wcpiph«^« * 1 .» 

and spines and is probably not used as a Pacing organ The p c 
organs project beyond the tip of the labium when at rest and the 
labium does not how back when the other partsarem acton. s 
does in mosquitoes. The male genitalia are h.ghl> co -P 1 « •» ’ 

great value in identification. Other characters useful ^" 
are details of the palpi, form of the spcrmathcca and «.« ore otl 
pharyngeal teeth. Identification, especially of cmale . is ' ’ , 

Habits The females are bloodsuckers whose bites cans, irritation 
quite out' of proportion to their si/e. due to allergic teactions A 

described by Theodor (1*»> there is it. e or no J ™ 

to first bites except a needlelike prick, but a week or two later a 
l nni , ir . With development of sensitization alter 
persisting papule appears. \\ < ■ , hl . course described 

repeated exposures the reaction to the * ' halc h of eggs and 

on p. 529. Some species re-feed o„l> alter g 

others may refeed several timcswrthj £ Aatch 

some, e.g., P. argent,„cv. con,,,, nh « fe „d almost 

of 50 or 60 eggs; preferred hosts '; r >; 1I1;1 j or itv are 

exclusively on lizards, so,,,.- on rodents o, abhits tin I 
/oophilic, feeding on a variety of mammals x. cl as . dog. ' j 
a,,/cattle. Some o, these bj* ££ 

some species vary in their hal.i ^ s to ,, Hor hlim an blood; 

quitocs. Only P. pa/MUisn (see i - - - | aracntipcs 

it is the commonest domestic species n the O NM r. . * ^ 

in India feeds by P^"t an important factor 

- -.. «■“'» - 

though by no means the only one. 

they hide in cool, damp places, and are mum 
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masonry or thick mud-walled houses than in bamboo-and-plaster huts. 
They favor dark rooms on the sheltered side of the ground floor of 
houses away from breezes, coming forth on still, warm nights to seek 
food. Ceiling fans usually keep them away, and they seldom rise to 
a second floor. Sandbags used for raising the sides of tents supply 
good hiding places for P. papal asii. When disturbed on walls they 
usually fly only a few inches, appearing to hop rather than fly. Their 



«j. 207. I-if« history of I'hhi o towns: B. larva; C. pupa. (Adapted 

1,1 Nation • l, “> I ' 'ii' i id. « Mites and Venomous Animals of Medical 

>.d Vi t. rinary Impmlat. • . I, Medical. Grubb.) 


. Id range is very limited, rarely over 50 yards, but they sometimes 
. i rides ;n H.J.iic conveyances. Usually their breeding places are 
v.'it.'un a »c*.v 1 imbed feet of *heir feeding places. 

Ins,,). I 201 I he species of Phlebotomus whose life 
'ludivd lay their eggs in crevices in rocks, masonry, 
or crumbling mil* ings, between boards in privies or cesspools, in 
rubbish or in : burrows of animals or in deep soil cracks, where 
re are 1 '• futures, high humidity, and darkness. The 

icinales usually deposit their eggs within a few days after emergence 
and a blood meal, hut only in places where the microclimatic relative 
.tumidity is practically 100', . The eggs vary from 40 to 60 in number; 
«me individuals lay second batches of similar size after a subsequent 
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feed. When deposited, the eggs are literally shot out by the female 
to a distance several times the length of the abdomen. The eggs are 
viscid and adhere to the surfaces with which they come m contac ; .t 
would seem that the peculiar method of ejecting the eggs .s a protec¬ 
tive adaptation, facilitating their deposition in the farthest reach of a 




200 microns 


«.• *>.. E„ and .arva - ^*2? 

lw^^a5°“— alter A.. |. • *• “>«> 


crevice where even the tiny insect itself could not ^he eggs 

are elongate and of a dark, shiny brown color w.th fine surface mark 

««» <'“■ <i ,,ick, y i v x ,";r;:! i° d T*‘ 

light or if no, kept damp. P. urgent.,^ eggs may ha cl 4, t a ■• 
The larvae (Fig. 207« S two pli-s of 

of the abdomen which are h.dd erect 

and spread ou, fanwise; in the newly hatched larvae there .s on!> 
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pair of bristles. The body is provided with numerous toothed spines 
which give it a rough appearance (Fig. 208). These spines 
different species and, together with the relative length of th ^ ca ^ a 
bristles, form good identification marks. The larva of P. papatasu 
when full grown is less than 5 mm. long and it is therefore not so large 
as an ordinary rice grain. The larvae feed on decaying vegetable 
matter, fecal particles, and other organic debris. For all species a 

high degree of humidity is required. 

The full development of the larvae requires 2 weeks to - months 
or more, depending almost entirely on the temperature. The pupa 
(Fig. 207C) is characterized by a very rough cuticle over the thorax 
but can be identified best by the last larval skin, which adheres to its 
posterior end. It is colored much like its surroundings and looks like 
a tiny bit of amorphous matter. The pupae are less susceptible to 
drying than the larvae. In warm weather the adult insect emerges 
after 6 to 10 days, but this is much delayed by low temperatures. The 
entire life cycle seldom occupies less than 2 months and in cool 
weather may take several months. In temperate climates the winter 
is passed in the fourth larval stage so that, after pupation in the 
spring, great numbers of adults may appear quite suddenly, but in 
the tropics breeding is continuous. 


Sandflies and Disease 

Sandflies are of great importance as the transmitters of the various 
types of leishmaniasis, of a filtrable virus disease called three-day 
lever, or more commonly sandfly or papatasi fever, and of Oroya fever. 

(See review by Adler and Theodor, 1957.) 

Sandfly fever. This relatively mild virus disease (see p. 229) in 
many respects resembles dengue and may be confused with influenza. 
It comes on suddenly with fever, headache, pain in the eyes, stiffness 
of neck and back, and rheumatic pains. As in dengue, a reduction in 
white blood cells (leucopenia) is a prominent feature. It is often 
followed by a prolonged period of malaise and depression. Sabin et al. 
(1941) isolated two different strains of the virus, from Sicily and the 
Middle East, respecti\elv. 

U was experimentally shown by Doerr in 190S to be transmitted by 
Fhlcbotomus )iapalasii. The insects become infective about 6 or 7 
days after fettling on a patient in the first or second day of the fever. 
Since sandflies are so short-lived and frequently suck blood only once, 
and since the disease appears as soon as the adults emerge in May 
in the Mediterranean area, evidently having passed the winter in the 
larvae, transovarial transmission had long been suspected. This was 
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demonstrated in 1922 (Whittingham and Rook. 1923) and later con¬ 
firmed in Russia, though Sabin et al. (1944), however, got negative 
results Since only man is known to be susceptible, transovar.al 
transmission seems necessary for survival of the virus from one season 
to another. Thus far P. papal,isii is the only known transmitter 
throughout the definite range of the disease from Italy to central India, 
but fevers which may be sandfly fever are reported from the western 
Mediterranean, tropical Africa. China, and Colombia, and other sandfly 

vectors are suspected. . . 

P. papatasii is of medium size. reaching about 2.5 mm. ... length. 
It is pale yellowish gray with a .lull red-brown stripe down the middle 
of the thorax and a spot of the same color at either side. The disease 
is of little consequence to local populations since immunity is acquired 
in early childhood, but it may cause serious epidemics in military 

forces or other nonimmune newcomers. 

Leishmaniasis. The bafllinu problem of transmission of the various 
forms of leishmaniasis (see pp. 111-129) was not finally solved until 
1941, but there is no longer any doubt that sandfl.es are the principal 
transmitters of all forms of the disease, and as Adler and Theodor 
(1957) pointed out, there is no evidence of endemic leishmaniasis m 
the absence of sandflies. When the parasites are ingested by the flies 
in the leishmania form they develop into flagellate,1 forms and multiply 
in the stomach, gradually moving forward to the pharynx ami even 
the proboscis. Although massive growths occur. Adler and Theodor 
believe that the mechanism of transmission is not by '> kicking as in 
fleas (see p. 116). but by deposit in the wound when the flagellates 

descend to the tip of the proboscis. 

The species involved in the different forms of leishmaniasis are not 
the same. P. semen,i and P. papalasii are the principal vectors of 
cutaneous leishmaniasis or Oriental sore ... the Old World. Quite 

likely P. Caucasus, whic.habits burrows of gerb.Is and ground 

squirrels in Turkestan, but has become domestic in Iran. ,s the primitive 
transmitter among the rodent reservoir hosts, whence it became 
adapted to P. sergenti in western Asia and to P. papa,as', ... the Medi¬ 
terranean area, and through these to dogs and man (see p. 1-5 h 
Visceral leishmaniasis or kala-azar, on the other hand, is transmitted 
almost exclusively by members of the major group-urge,it.pcs ... 
India (where man is the only known host), by chine,,sis ... China, 
and by major, pernicious, and /ongieuypis in the Mediterranean area 
where dogs are the reservoirs. In Sudan the vectors are unknown. 

In tropical America the vectors of leishmaniasis are not known with 
certainty, but there is considerable evidence against P. intermedins. 
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and some against migonei, pessoai , and others, as transmitters of 
cutaneous forms of the disease in Brazil, whereas the most probable 
vector of “chiclero ulcer” in Yucatan is P. cruciatus ( Biagi, 19o3). 
In Brazil the strongest evidence is against P. longipalpis as a vector 
of kala-azar (Deane, 1956). Very little is known about the bionomics 
of any of these species. 

Oroya fever. Oroya fever or Carrion’s disease is an acute febrile 
disease caused by a very minute organism, Bartonella bacilliformis 
(see p. 218), occurring in valleys on the slopes of the Andes in Peru, 
Chile, Ecuador, and Bolivia. In 1938 it appeared in epidemic fonn 
in the province of Narino in Colombia, causing 1800 deaths in 9 months 
in a population of perhaps 200.000. The acute stage of the disease is 
characterized hv high fever, severe anemia, aches, and albuminuria, 
and is often fatal. In more chronic cases it is followed by an eruption 
of nodules called verruga peruviana. In mild cases the eruption may 
be the only manifestation, and it is considered a good sign when it 
appears. Some cases seem to be symptomless. 

The probable relation of sandflies to this disease was pointed out 
by Townsend in 1913. In the Peruvian Andes the disease is limited 
to a comparatively small zone and is contracted exclusively at night. 
Phlcbotonws verrucaruin is the principal, probably the sole, transmitter. 
It is a strictly nocturnal species which enters houses readily and bites 
man freely. In Colombia the transmitter is believed to be P. coloin - 
blanus, possibly merely a variety of P. verrticantm; the females of 
these two species are indistinguishable. The Bartonella organisms have 
been found in the distal part of the proboscis and are presumably 
deposited in wounds as are leishmanias. 

P. verrucaruin is found in the deep-cut canyons of the west slope of 
the Peruvian Yndes at elevation between 2S00 and 8000 ft. Within 
th s zone it would be extremely dangerous to be caught at night, for 
no ordinary screening would afford adequate protection. At lower 
elevations the \ alley is too arid for sandflies to breed, and at higher 
elevations the cold nights inhibit their activity. In the verruga zone 
there i> a favorable combination of cool summers, warm sunny winters, 
moderate rainfall, and mild nights—a zone of perpetual spring. 

Control 

Because of their short flight range, which is seldom over 75 to 100 
yards and their tendency to stay close to the ground, sandflies arc very 
easily controlled locally by destruction of adults by application of 
insecticidal sprays, particularly DDT. to the inside of buildings, and 
in some places also to rock walls or other outdoor breeding places. 
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The long life cycle and sedentary habits result in a very slow come¬ 
back of a depleted population; often one annual preseason house¬ 
spraying is enough. Remarkable results in sandfly control have been 
reported by Hertig and Fairchild (IMS) in Peru and by Hert.g 
(1949) in Greece and Italy. Residual spraying for malaria control 
eliminates sandflies too. 

When venturing beyond protected areas after sundown it .s necessary 
to use protective clothing and repellents, of which dimethyl phthalate 
is probably best. 

Biting Midges or No-see-ums— Heleidae < =Ceratopogonidae) 

Morphology. The tiny flies belonging to this family (Fig. 209) 
go by various names: midges, gnats, punkies. or sandflies, and. in the 
west, “no-see-ums" because of their minute size, which is seldom over 
1 to 2 mm. in length. They can usually Ik- distinguished from allied 
insects by the peculiar venation of the wings, the first two veins being 
very heavy, whereas the others are more or less indistinct. In most 
but not all species the wings are mottled with white spots on a 
grayish background (Fig. 209A). The- proboscis is ‘! wrt j *. 
tially similar in structure to that of Simuln.m (l-,g. -l-B): one 
marvels at the irritation which can be inflicted by such a small use 
with such a small organ. The maxillary palp, have o segments, the 



Fig. 209. Cullcoitles. A. winK "* ( 
lary palp; E anterior and posterior • 
Foote and Pratt. Publ. /////•- ,8 - 

Fruit Co., 15th Kept.. 1927.) 


torus 



. fur cits; li. head; C, antenna; />. 

nds of larva of C. funits (A-D. alter 
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third enlarged with a characteristically placed sensory pit (Fig. 209D). 
The antennae are long, with 13 segments in the flagellum; in the males 
they are more plumose with the last 3 or 4 segments lengthened; in 
females they are filamentous with the last 5 segments differing in 
character from the others. In most species the wings are mottled in 
characteristic patterns (Figs. 209A and 211). The male genitalia are 
useful in identification of species. 



Fig. 210. Immature starts of Culicaulcs. A, larva (the anal gills ( an.g .) 
are retractile, their i' no proleg. and *li« un.il segment has three pairs of hairs); 
B, egg, much • nl.treed; C uul D. dor-ul .>> * lateral views of a pupa; note slender 
respiratory • »r»: .r.s ir.o.) on thorax. cAf.r Dove, Hall and Hull, Ann. Ent. 
Soc. Atncr., a r >. 10 >2.) 

The fam h includes many genera (see Johannscn, 1943). but the 
majority * s \ i. % that attach man and animals belong to the genus 
Ciilicoirlcs. The are. however, some annoying pests in the genera 
Lcptoconops, I! Certilopogon), Forcipomyia, and a few others. 

ilnhiis iiml li’t c>ele. Only the females are bloodsuckers. They 
become active at sk. hut if disturbed many of them will bite in the 
shade, even on hri :l»t days. Both sexes are attracted by lights. They 
arc much more active lliers than Phlcbotomus , and are said to go as 
far as half a mile in search of a host, hut only when the air is still. 
Most of the species appear to prefer cattle, camels, or other animals as 
food, hut some species readily attack man. 

The eggs of Citlicoidcs, several hundreds in number, are deposited 
in gelatinous masses like miniature masses of frog eggs and are usually 
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moored to some object under water in swamps, ponds, or tret- 
holes; some species breed in rotting vegetation. Relatively cool 
shaded places are preferred by most species, but the pestiferous 
C. furens of Central America and the West Indies breeds only where 
exposed to sun; it is a salt-water breeder that thrives in open marshes 

regularly washed by tides. . 

After a few davs slender larvae (Fig. 210.A) hatch. They burrow 
in decaying vegetation or mud either in or out of water, according to 
the species. When swimming, their movements suggest giant spiro¬ 
chetes. Culicoulcs larvae, unlike the related chironomid larvae, do not 
have pseudopods on the first or last segments of the abdomen. At 
the posterior end there are gill-like structures that can be protruded; 
the larvae do not need air as do mosquito larvae 1 he food of lost 
species consists of microscopic plant and annual life or organ,c debris. 
The pupa (Fig. 210C. D) rather resembles that of a mosquito, except 
that the abdomen is kept extended instead of curled under and 
pupa hangs from the surface in a vertical position breathing hr gl, 
a pair of trumpetlike tubes as do mosquitoes. Roth larvae andI up. e 
are hard to find, and the presence ol a breeding place ,s more 
discovered by finding the floating pupal cases from which the adults 

ha Dovni g a e | d '(1932) believe that the larvae of C. /.irons (which they 

called dovci), a pestiferous salt marsh species and filarial sector see 

below), may live for 6 months to a year C. m./ne. o A c.u h • 

% . i is *“>*> to -’8 davs. In contrast, ins- 

^ Mcnr. the larvae living through the 

W A^«; mice. ‘ The'bites of CulUoul « produce J 

r ii in- tkiiriiin** sensations and intohiabu iUiiiiil.. 

are sometimes followed by Durninu r iv .in(..l 

in many sensitized individuals the bites las, longer and are more p*mhd 

than mosquito bites, hut eventually most people develop some U g . 

of immunity to them. The ability «l these insects to go through 

ordinary mosquito screens makes them particuk.rly obnoxio, ... S 

. 7 1 . ... i M . individually overlooked, but they may 

species are so minute as to Ik iV » 

be so abundant as to give a gray tinge to the sku, and to o « 

irritation. Dove ct al. ( 1932) think the flies are attract, d b> “ at 

emanating from warm bodies. bn, the senior writer believes s r 

attracted largely by animal odors, since he ha* been, attacked 1by gr - * 

swarms upon opening a rabbit carcass. The flies usu 11> a... k 

exposed parts of the body but will bite through thin clothing Sal 

marsh breeders (C. furens and others) are intolerable pests domg the 

southern Atlantic seaboard of the United States, so much so as to have 
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retarded development of certain areas. They seriously interfere 
with romance on moonlit beaches in the West Ind.es and Central 
America. 


Midges as Disease Carriers 

Culicoides serve as intermediate hosts for three filarial worms of 
man, Dipetalonema persians , D. streptocerca, and Mansonella ozzardx , 
and at least two filariae of animals. Onchocerca reticulata of horses and 
O. gibsoni of cattle. In addition, Culicoides have been accused ot 
transmitting several virus diseases: blue tongue of sheep and horse 
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Fig. 211. Left, diagram of & genitalia of Culicoides (after Foote and Pratt, 
Puhl. Health Mon. IS. 1 95-1). Right, Culicoides nii/nei, vector of Dipetalonema 
persons, x 20 (after Sharp, Trans. Roy. Soc. Trap. Med., 19, 1928). 


sickness" in South Africa, and fowlpox of poultry in Japan. Two 
land-breeding species. Forcipomyia utae and F. townsendi, were 
believed by Townsend to act as transmitters of uta, a form of leish¬ 
maniasis in Peru, but this work needs confirmation. 

Culicoides and filarial infections. Sharp (1928) proved two 
species of Culicoides. C. milnci ( austeni) (Fig. 211) and C. grahami , 
to be intermediate hosts of the filarial worm. Dipetalonema (—Acfln- 
thocheilom inn) pi rstans (see p. 488) in British Cameroons, where over 
90' i of the natives are infected in some areas. This was later confirmed 
by Hopkins and Nicholas (1952). although work by Chardome and 
Peel ( 1949) in Belgian Congo threw doubt on it (see p. 488). The 
latter workers showed that C. grahami was an intermediate host for 
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Dipetalonema streptocerca in .hat country. D. persons can also 
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3 to 6 months, by dieldrin applied as sprays of emulsion or in granular 
form (see p. 534). DDT, however, is quickly detoxicated by mud so 
is less effective than it is against mosquitoes. In England a BHC 
emulsion, applied at 100 mg. per square foot, gave good results in 
small breeding areas, especially when rain caused deep penetration; 
preseason spraying was suggested. Spraying or painting DDT solu¬ 
tions on screens and on resting places near habitations is helpful. 
Thermal aerosols are useful for temporary emergency treatments. 
Repellents (see p. 536) are effective for shorter periods than for most 
insects. In Africa it seems that considerable protection against the 
C. austeni and grahami might be obtained by elimination or treatment 
of banana stumps near villages. 

Blackflies or Buffalo Gnats (Simuliidae) 

The blackflies, as annovers of domestic animals and man, are among 
the most important of insect pests, since they often appear in over¬ 
whelming hordes. They kill animals and even children not only by 
their irritation and loss of blood but also by filling up their bronchial 
tubes and literally suffocating them. In bad years Simulium colom- 
baschcnsc, which breeds in the Danube River, kills over 10,000 domes¬ 
tic animals in the Balkans, and in the United States and Canada the 
animal losses may run to many hundreds in a year. Blackflies have a 
world-wide distribution, being found from the arctic to the tropics, 
and to the perpetual snow on mountains, wherever there is running 
water. Unlike most small biting flies, they are strictly diurnal. All 
the blackflies were once included in the single genus Simulium , but 
they are now split into half a dozen genera, largely on the basis of 
wing venation (Smart, 1945). The genus Simulium still contains the 
pv. t majority of the species, including all the important disease 
transmitters. 

Morphology. Unlike the usual slender, midgelike flies with long 
legs and long antennae in the group Nematoeerca, the blackflies are 
small, robust, hump-backed creatures with short legs, broad wings, and 
short, eleven-segmented antennae without whorls of hairs at the joints 
(big. 212.\). The proboscis in the female is short but heavy and 
powerful; in the males, which are not bloodsuckers, it is poorly 
developed. The mouth parts (Fig. 212B), consisting of toothed 
daggerlike mandibles and maxillae, and also a hvpopharynx and 
labrum-epipharynx. resemble in general those of Phlebotomus. 

Most of the northern species are black, whence their name, but 
some of the species are reddish brown or yellowish, and they may be 
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variously striped and marked. The wings arc either clear or of a 
grayish or yellowish color, with the few heavy veins near the anterior 
margin often distinctively colored. Some of the species are not more 
than 1 mm. in length, and the largest of them scarcely exceed I mm. 

Life history and habits. Unlike the mosquitoes and midges, black- 
flies breed exclusively in running water, but the species vary greatly 
in the kinds of streams they select and in the speed of current they 
prefer. Some breed in lazy rivers flowing 2 or 3 miles an hour, some 




lab. 


Fla 212 A Blickfly (buffalo gnat). Cncphia uarum x 7 (after HiK-v). 
B**Mouth pJ' of Sffnu/.. 

cpipharynx; mW.. mandible; **«.. n.axd .,; max,llar> pal|>u> (afUr 

Alcock, Entomology for Medical Officers, \U-0). 

in bubbling brooks or trickling rivulets; S. „ic'i,,cs in North America 
breeds only in or at the foot of falls. The eggs, provided « • > '> 
viscid coat, are usually deposited on vegetahon. stones etc. I ek d b 
water or partly submerged, but S. arctic,,",, a pest of the nortlmest, 
avoids getting her feet cold by dropping them while flying <>«'■ «a er. 

S. ochraceum in Guatemala drops its eggs while hovering over enu r¬ 
gent vegetation. S. .In.nnosu," (see p. 6S4) has been observed n 
make a communal project out of egg-laying swarms of fl.es depositing 
them on water-licked leaves-up to 2000 to 3000 per square cc. une er 
Usually the eggs hatch in a few days, but those of S. orct.cm sink and 

“Cra on b, moan, .< c**, o! —. .. 

blunt posterior end of the body. They spin glutinous silken tl rc.i 
from modified salivary glands which extend to the posterior end of 



682 


Introduction to Parasitology 




Fig. 213. Developmental stages of Simulium. A, 


larva; B. anterior end of 
larva, ventral view; C, posterior end of larva, dorsal view; D, wallpocketd kc 
pupal case, with gill filaments of pupa protruding; E, pupa; a.R., anal gins 
ant., antenna; cl,.. caudal circlets of hooks; g.f.. gill filaments; /.c., leg case; 
«»./., mouth fan; w.C.> wing case. (A and B. adapted from Peterson. Larvae of 
Inserts, pt. 2, 1051. C from Brompt, Pr/civ dc parasitologic, 1940. D and 
from Johhins-Pomeroy, V. S. Dept. Auric. Bull. 329. 1916.) 


the hotly; these threads serve for anchoring and as life lines, and are 
also used to spin cocoons. The larvae have a stumpy proleg. also 
provided with hooks, and by using this and the posterior circlet of 
hooks they loop along like "measuring worms." There are a pair of 
"mouth fans” by means of which microscopic organisms are swept 
into the mouth. The larvae breathe by means of tiny gills that can 
be projected through the anal slit in the last segment of the abdomen. 

The larvae live in communities, attached to submerged vegetation, 
rocks, boards, etc., sometimes completely coating them, but they avoid 
hairy plants or objects covered by algae or slime. The larvae of 
*v netted (see page 6S5) attach themselves to the shells of fresh-water 
crabs; those of S. eolotnbasehense, the scourge of the Balkans, live to 
a depth of 190 ft. in the Danube River. 

When ready to pupate the larvae spin for themselves a partial cocoon 
which is variously shaped like a jelly glass, slipper, wall pocket, etc., 
open at the anterior end for the extrusion of the branching gill fila¬ 
ments which are used as breathing organs (Fig. 213D). Some species 
simply spin a snarl of threads, the work of a whole community, in the 
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meshes of which the pupae exist in a f-r s,a.e of pr^ctiom Thc 
general form of the pupae can be seen m Fig. 213E. h 

filaments vary greatly in different spec.es and may have four to s.xt> 
branches The adults emerge in 3 days to a week or more and are 
carried to the surface by a bubble of air which has been collected 
inside the old pupal skin. The adults are short-lived and lay their eggs 

• 0 Th:'S “EV*. hove only .no or • 

m ", of* them coniine on, in clei«>».in B horfe* . lew w eek. 

“r rr: -f-gfs 

the eggs may hatchm * «“>* fr om pupae in 4 days, and 

pupate in 5 to 7 clays, the acinus c>»yv 1 ' , 

• he Th'e^n„.. ,, ,e.« •» C-~£ 

down and begin an active migration covering 3 « b ^ „ y 

= 

light, white-skinned people ma> nt 

“'Blackflies having very short mouth parts, have to rasp a hole 
through the skim from whir, 

w r ETto Iw.,1 a..d 

itchy for about 3 days, when the annoyance is almost " -J" 

feeling of malaise and despondence, with some fever n a> 

Apparently the salivary secretion is particularly toxic. 1 «. mat. 1> 
repeated attacks convey some degree «f immunity but. as w. 1. ..the. 
immunities of this sort, it is much more effective in some individuals 

than in others. 
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Some blackflies confine their attentions largely to birds or cold¬ 
blooded animals, and some to large mammals. Fortunately compara¬ 
tively few habitually attack man. In North America common tor¬ 
mentors of man and animals are Cnephia pecuarum , the buffalo gnat, 
in the south central states; Simulium venustum in the north and east; 
S. arcticum in the northwest; and Prosimulium hirtipes, a springtime 
pest in the northeast. 

Comparatively few species habitually attack man. Bequaert in 1933 
said that of 57 "species known in Africa only 5 have been reported as 
biting people. In Mexico and Guatemala S. ochraceum seems to be 
the only truly anthropophilic species, but a number of others ( metal - 
licum, callidum , cxiguum, hacmatopotum , and veracruzanum) have 
no marked aversion to human blood. In Africa S. damnosum and 
S. ncavci, the two vectors of onchocerciasis, are the only species that 
really prefer human blood, and even S. damnosum avoids biting man 
in some localities. In a part of Sudan (Dongola) S. griscicolle is an 
important human pest even though only a small proportion of the flies 
molest man, for (here are countless numbers of them. 

Simulium and Disease 

Hlackilics arc probably the sole vectors of human onchocerciasis 
and of l.cucocytozoon infections of birds. They probably also collab¬ 
orate with mosquitoes in spreading myxomatosis of rabbits. 

Onchocerciasis. Blacklock (1926), working in Sierra Leone in 
Africa, first showed that the important filarial parasite of man, Oncho¬ 
cerca volcuhis, was transmitted by a blackfly. Simulium damnosum. 
Subsequently S. neavci in Africa and several species in southern Mexico 
and Guatemala were found to be important vectors. 

T he flies appear to exert a chcmotactic attraction on the micro- 
fi 1 »riae in the skin, so that as many as 1(K) to 200 may be ingested 

‘ring engorgement. Most of these are held in the fly’s gut by the 
p iitrophie membrane that is secreted during feeding (see p. 524), so 
only a few ( average three in damnosum) succeed in developing. Too 
many larvae kill the flies, and even a few developing in the thoracic 
muscles tend to retard flight and perhaps hasten death. Unlike 
ii'lective filarial larvae in mosquitoes and Chrysops, Onchocerca larvae 
may not lie in wait in the proboscis but, stimulated by the warmth, 
migrate from the body cavity of the fly during the slow engorgement. 

Food habits constitute the most important factor in determining 
w hie h species are important vectors of onchocerciasis, but some species 
seem to be poor hosts for the worms, and others are unimportant 
because they nearly always bite on the legs. 
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Of the American transmitters, as noted on p. 491, S. ochraceum is 
most important, althought other man-biting species (melalhcum calh- 
dum, veracruzanum ) may be locally important. Fouling fl.es natural!) 
infected with Onchocerca larvae may be misleading for in some areas 
in the onchocerciasis zone 100' ; of cattle are infected with O^hocerca 
gullurosa and a high proportion of horses w.tli O. rein ua «. 

S. ochraceum is a small species 1.5 to 2 mm long, with ye" « -r 
thorax, black legs, and yellow and black abdomen. It breeds o 1> n 
“infant" or "young" streams—varying from mere trickle s to brooks 
several feet in width, deeply shaded by emergent and overhanging 
vegetation (Dalmat. 1955). It never breeds ... o!der streams hat 
have beaches and are not overhung by vegetation. Tl.cse > , 

streams are largely limited to a zone between about -000 and 5000 ft. 
elevation but the flies, which ...ay live for about I weeks, has. a 
flight range up to about 6 miles. However, the entire om hocerc.as.s 
zone in Guatemala covers only about 600 sq. .«.*«- T, “! 

infection rate in blaekflies is less than V.. Zooph.l.c blackfl.es breed 
mainly in "mature" streams, primarily on rocks rather than scgetatic n. 

In Africa only S. itamnosum and S. neacri are vectors 1 he former 
is widely distributed south of the Sahara and breeds ... large r.vers as 
well as in smaller tributaries not choked by papyrus, 
or cataracts of broken water, but breed.,.g also m stretch" 
current may be only 2 or 3 miles per hour The larvae attach to 
stones vegetation, etc., at various depths. The adults are abundant 
where there is high grass or dense vegetation along ,ho nve^bauk. 
and also at distant places. S. ncacci. confined to cc, ral Afne.n a s 
its eggs in clusters on vegetation, but the larvae andpupaar .... 
only .... the shells of crabs of the genus PvtamwmuU, ss '■ ' 

sunny cascades and rockv falls i" rivers, usually at elevations of 1IHU 
£ M00 ft The adults congregate in humid forests, whence they ...ake 

Sh< ln is a transmitter of Onchocerca urosa of 

cattle, bu, the transmitters of this and of other Onchocerca ...fectums 

in animals elsewhere have not been determmed. 

i lilackflics arc transmitters <>* Lento 

,eueocy oso .. i / scc p 165). L. simotuli, causing disease 

cijtozoon infections nNorthern United States and Canada, is 

m 3 tcTbe transmit.<‘<l .. by « 

crawls under the fcjh™ £%* g* 

turkeys in various parts «l the u" UUI . ’ \ S’ sins- 

species of Simulium. including S. /cm,mgs. (- ...g roparemn), S. si 

sotuie, and S. occidentule. 
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Control 

The extreme susceptibility of the larvae of blackflies to DDT and 
dieldrin, and also phosphorus compounds, renders their extermination 
feasible in localized areas. In laboratory experiments exposure to as 
little as 0.01 ppm of DDT or 0.001 ppm of dieldrin for one hour 
produces 100'/* mortality within 24 hours, and the efficacy is even 
greater in the field. In Canada a single minute dose of 0.13 ppm of 
dieldrin controlled blackfly breeding for 100 miles downstream. 
Apparently the insecticides are concentrated by absorption on fine 
suspended particles that the larvae eat. 

Applications for 15 minutes of a 5 or 10/£ solution of DDT in fuel 
oil at the rate of 1 part in 10,000,000 of water eliminates them for many 
miles, and at this rate it is not even harmful to fish. Spectacular and 
long-lasting results have been obtained by Wanson et al. (1948) by 
airplane spraying against S. damnosum in Belgian Congo, and by 
McMahon et al. (1958) against S. ncavci in Kenya, which has been 
practically freed of this fly. In some areas spraying or fogging of 
vegetation on river banks, brush clearing, etc., is feasible for destruc¬ 
tion of adults since they rest in such locations for several days before 
laying eggs. In Guatemala l.ea and Dalmat (1955) found that using 
0.1 ppm for 3 minutes eliminated larvae completely from small streams 
flowing less than 5000 gallons per minute, and therefore effective in the 
numerous small rivulets where most S. ocliraccum breeding occurs. 
1 .arger streams require either heavier concentrations or more prolonged 
applications. Sometimes DDT-saturated briquettes are also useful. 
In ;mv attempt at extermination it is necessary, because of the long 
•lie!'? ranges, to cover an entire area simultaneously, not zone by 
•/one Effective use of airplanes has been reported in Alaska and 
Pennsylvania. 

: (flection against blackflies can be obtained by the use of repellents 
• p 536 \ particularly dimethyltoluamide. Few blackflies enter 
; -es. and they do not bite in dark places. DDT thermal-generated 
« • »’n (see p. 535) are also helpful. In camp life and for the pro¬ 
le: ? ion ol animals in pastures, smudges are indispensable. The flies 
will not tolerate tin* smoke, and domestic animals soon learn to take 
ulv.int tge ol its protection. Cheap repellents made of emulsions of 
kerosene or various resinous oils with soap and water have also been 
recommended for spraying animals. 

Horseflies (Tubanidae) 

The tab.mids are the only Brachycera (see p. 666) which suck blood 
except some species of the family Rhagionidae ( — Leptidae), the snipe 
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flies One genus of these, Symphoromyia, contains vicious blood¬ 
suckers in North America, but they are not known to transmit disease. 
These flies have a long tapering abdomen and antennae with a termi¬ 
nal bristle (Fig. 204C). The tabanids. known as gadflies, deerfhes 
horseflies, etc., are mainly animal pests, but many species attack man 



Fie. 214. Life cycle of tabanicU. A. f "artcr" at posterior 

<$ (note- spacing of eyes ); C. eg* | "l'"’ \r S . Pep t. Afirtc. A fwc. Hiper*. 

end of pupa. (A. -d Evans, Tfrfca. 

Tcc/i. Scr 12. pt. • u /k / , im / Veterinary hn/mrtann-, Grubb.) 

Mites and Venomous Animals of Mi <"< 


adult (Talamos falrchddl 9 >; B. bead of 


i • n- . • r i hiti* Titov art- also implicated in the spread of 

some genera feed on flowers. 1 r "‘ ™ , „ Hst ablim , al „ in 

wide distribution with species, but not nulnun . . . 

the tropics. (For a review, and revision of classifications, 

Mackerras, 1954-1955-) a h , |„,,U1 

Fr^r^e SStS* colored in black, brown, and 
orange tones, sometimes with - 

though in most species of tempt- ra ‘ . .ntirelv occupied 

or black. The head is large and in the male is almost entire 

by the eyes, which meet across the crown of the head; >n the females 
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a narrow space is left between them. The antennae are of characteristic 
shape (Fig. 204D, E), varying somewhat in the different genera. The 
mouth parts (Fig. 215, left) are almost exactly like those of the black- 
flies on a large scale. The stabbing and cutting parts are usually short, 
heavy, and powerful in biting species. The wings are usually held at 
a broad angle to the body, as shown in Fig. 214; they have a charac¬ 
teristic forked vein near the tip, and often have smoky markings which 
help in identification. 



Fig. 215. Left, mouth parts of a tabanid; hyp., hypopharynx; labium; 
Ihl.. labclluni; /.<*., lahrum-cpipharynx; "Kind., mandible; max., maxilla; tnax.p., 
maxillary palpus, antennae of Tabanui and Chrysops. 


Of the genera most important as human pests, Tabanus (Fig. 214) 
is large and has clear or smoky wings, with no spots or a few small 
scattered ones; Chrysozona ( llacmatopota) is of moderate size and 
has wings with profuse scroll-like markings; and Chrysops , the species 
of which are often even smaller than a housefly, has conspicuous 
black bands and spots on the wing (Fig. 216). 

F/ife history and habits. Many tabanids breed in wet or damp 
places or without i covering of water; some breed in rotting wood in 
tveeholes or logs; others breed in relatively dry soil. The eggs 
1 Fig. 21 K ), several hundred in number, are laid in definitely shaped 
masses on the leaves oi marsh or water plants, on the leaves or twigs 
ol trees ov« •hanging breeding places, or in crevices of rocks along the 
sides of stiv; ms. When deposited the eggs are covered by a gluey 
waterproo* accretion that binds them together. They are deposited 
during du summei or wet season and under favorable circumstances 
hatch in -i to 7 days. Many are attacked by small hymenopteran 
parasites. 

1 he larvae (Fig. 214D'I are cylindrical legless creatures, tapering 
at nch end. The body has eleven segments exclusive of the very 
small and often retracted head. Each segment has a row of wartlike 
processes provided with spines or hairs. The larvae are voracious 
feeders; most species prey upon soft-bodied animals such as earth- 
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worms and insect larvae and are not averse to cannibalism if food is 
scarce, but most species of Chrysops feed on dead organic matter. 
The larvae are active and grow rapidly during the summer, but in 
winter in the north they bury themselves several inches deep in soil 
or dead vegetation, which may freeze around them. In the spring 
the mature larvae migrate to drier ground and pupate. The pupae 
(Fig. 214E) are suggestive of the chryalids of butterflies. Many 
species are recognizable by the characteristics of the •aster (Fig 
214F) at the posterior end. The pupal period lasts only 1 to : 
weeks. Some tabanid larvae may take 3 years to mature. In the 
tropics a buried resting stage during the dry season has been sug¬ 
gested. Most species have but one brood a year and are seasonally 

Nearly all tabanids are diurnal, and often active ... bright sunlight 
though some species prefer shade: a few in central Africa are said 
to extend their activities into the night and some ..onb.tn.g species ... 
North America are nocturnal. They are strong fliers, and may travel 
a mile or more from their breeding places Most species are very 
deliberate in their feeding, and not easily disturbed after beginning 
a meal. They like to skim over the surface of water, a habit that 
can be taken advantage of to trap then, in oil-covered pools 

Annoyance and damage. Tabanids cause serious injury to ca t e 
by annoyance and loss of blood, the latter easily amounting to 100 to 
200 cc. per day. This, together with loss from Slomoxys and hoinflies 
(see pp. 693 and 694). is sufficient to seriously reduce weight gam 
and/or milk production. Animals may gam 20 to » lb. and increase 
their butterfat production by 15* within a month after being freed 
from annoyance by tabanids. Even human beings may suffer severely 
from bites of tabanids. particularly dcirll.es. 

Tabanids and Disease 

Trypanosomes. Tabanids are of importance in connection with 
the transmission of some of the trypanosomes of animals l njp.uw- 
soma evansi, causing surra in horses, cattle, camels, dogs, etc., and the 
related T. equlnum, causing mal-de-caderas o horses and other animals 
in South America, are commonly transmitted by tabanids and S,omoxy 
from one animal in a herd to another by a soiled proboscis Even the 
tsetse-borne trypanosomes are frequently transmitted ... Ins manner 
(see p. 156), especially T. vivax, which has become established out¬ 
side of tsetse areas in Africa, and even in South America. Trypano¬ 
somiases of man are probably much less frequently transmitted by 
tabanids and Stomoxys than are those of animals. At least one species 
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of tryanosome, the nonpathogenic T. theileri of cattle, undergoes 
cyclical development in tabanids. 

Tularemia. In the western United States, particularly in Utah and 
Colorado, there is a form of tularemia known as “deerfly fever,” which 
seems to be associated with the bites of a single species of deerfly, 
Chrysops discalis (Fig. 216, left), since it does not occur outside the 
range of that species. Why only this species should be a capable 



rig. 216 . Left, Chrysops discalis, tin* vector of deerfly fever. Right, Chrysops 
dimidiata, vector of l.ou loa. (After Rnimpt, Precis de parasitologic, Masson.) 


vector of this disease is unknown; Jellison (1950) suggested that it 
might be a predilection of C. discalis for feeding on rabbits, which 
constitute an important reservoir of the disease (see pp. 594-595). 

Transmission of other diseases by interrupted feeding. Taba- 
>ii<is may be of importance in transmitting a number of other infectious 
blood diseases by means of a soiled proboscis during interrupted 
feeding on herds of animals. Anaplasmosis (see p. 21S) can be trans- 
milted within 5 minutes after feeding on an infected animal. Anthrax 
can also be transmitted in this manner by either tabanids or Stomoxys. 
This is a very destructive bacterial disease affecting domestic animals 
and transmissible to man. It may enter the body through skin abra¬ 
sions, aerial spores, or contaminated food. Since ticks, fleas, and 
bedbugs have been found capable of transmitting undulant fever or 
brucellosis, it will not be surprising if tabanids are incriminated also. 
Tabanids can also transmit swamp fever of horses. 

I.oa Ion. Certain species of Chrysops. locally known as mangrove 
flics, are the intermediate hosts of a human filarial worm, Loa loa (see 
p. IS5), in Africa. The diurnal microfilariae are ingested in very 
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irregular numbers (relative to the numbers in the circulating blood), 
since Chrysops is a “poor* feeder (see p. 528). The filarial larvae 
develop in the abdomen of the fly, and the infective larvae invade the 
proboscis after 10 or 12 days to 3 or 4 weeks, according to temperature. 
Although all species of Chrysops are probably potential vectors, C. 
silacea and to a less degree C. dimidiata (Fig. 216. rig/if) and C. 
distinct ip ennis are important vectors since they are numerous, good 
hosts, enter houses freely, and bite man readily. Oddly enough 
C. silacea, at least, is attracted by wood smoke, and is thus lured to 
human victims in clearings or houses. C. silacea and C. r limidiata 
are forest species that bite man in forest clearings, and monkeys in the 
canopy; possibly they derive their infections from these (see p. 4S5). 
Other species may be important vectors among monkeys. The flies 
breed along river banks in wet mud, covered by thick decaying 
vegetation in or out of shallow water where there is dense shade 
(Davey and O’Rourke, 1951). 


Control 

Cattle can be protected bv spraying with emulsions containing 
pyrethrins with a synergist, applied as wet or mist sprays, or making 
them douse themselves by means of automatic treadle sprayers ( Bruce 
and Decker, 1951). In some locations aerial spraying ol insecticides 
in oil has been used successfully against larvae. Diethyltoluamide is 
a good repellent to make life more pleasant for fishermen, picnickers, 
etc. In Africa the Loa vectors may be- controlled by clearing brush 
along stream banks and canalizing stagnant pools, or using larvic.dcs 
where this is impractical, lint —clearing brush might encourage 
Anopheles &nnbiac , and there would be malaria to contend with 
instead of LoaI 


SUBORDER CYCLORRHAPHA 

This suborder includes flies that are important to us (1 ) as blood 
suckers, some of which are important as intermediate hosts and or 
direct inoculations of pathogenic organisms; (2) as mechanical trans¬ 
mitters of germs directly to wounds or eyes, or indirectly via food; 
and (3) as myiasis-producing larvae. The last will be considered 

separately in Chapter 30. 

The majority of the Cyclorrhapha to be considered m tins chapter 
belong to the group Musooidea <ft» in key •>" P «»>■ «'".h w.,v 
once all included with the houvlly i» <>»e family. Muscidao. I he> 
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have a frontal lunule (see p. 666), have the opposite legs of each 
pair set close together, well-developed squamae, a well-developed 
proboscis, and have fairly smooth fleshy larvae that taper anteriorly 
(Fig. 218C). 

The majority of the Muscoidea have fleshy proboscides fitted for 
lapping up liquid foods. Some have acquired the habit of devoting 
nearly all their time to the skins of animals, flitting from spot to spot 
in search of blood or exudations. Such, according to Patton (1932), 



Fig. 217. Evolution of bloodsucking proboscides in muscoid flics. /\, Musca 
domestica (for sucking only): B, Philacmatomyia insigrm (for scratching and 
tearing skin); C, Stomoxys, and D, C.lossina, for piercing. Note progressive 
shortening of upper segment or rostrum (/!.); increase in proportionate length 
of haiistclliun (//.), and increase in sclcrotizcd area of it (m.); reduction of 
lahcllum: freeing of hypostomc (/i.) from labial gutter; development of prestonml 
armature of spines at tip of lnbcllum; and finally, in Glossitui (and also in 
Piiplpara), elongation and modification of maxillary palpi to form sheath for 
labium, now the piercing organ. (Adapted from various authors.) 

an* M. be zii and M. Itisoria, which are therefore potential mechanical 
transmitters ot blood infections. From these scavengers Patton has 
• accd m interesting evolutionary development of the proboscis into 
a scratching and tearing and finally a piercing organ (see Fig. 217). 
i’hilu* matomtjia insignis (Fig. 216B) is able to rasp and tear a hole 
through the skin ot cattle and suck the exuding fluid. A much higher 
development is reached in Stomoxys and Siphona (Fig. 216C), in 
which the elongated, strengthened, and stvletlike proboscis acts as a 
piercing oigan after a hole has been rasped and torn. The proboscis 
oi '.he tsetse flies (Fig. 217D) and of the more distantly related 
1 iippohoscidae is the culmination in this line of evolution. The 
tsetse flies and the Hippoboscidae, together with a few other flies 
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once classed with the Hippoboscidae into a group Pupipara.are 
viviparous and deposit their third-stage larvae one at a tune ,..st before 
pupation. Of the blood-feeding species of Masco, M. pomccps 
does this also, but other blood-feeding Masco deposit their larvae n 
the second stage. Strict dependence on blood as food and v.vipants 

SB AU die blood sucking members of the genus Masco all the tsetse 
flies and most of the hornflics and stablefhes are Old World species 
Our' houseflies, stableflies. and hornflies are probably all importations 

from across the seas. 


Hornflies and Slaldeflies 

Horufly (Sinhona irri.an,). This small blackish fly. about half 
the size of a housefly, causes endless misery to cattle; no other prst. 
except possibly screw worms is. as inimical to the coi.tc-ntirwr.tofco^^ 

22 32* 53-JS i£ X. S. £?« < r < 

a herd of 500 cattle with 4000 flies apiece is estimated at - quarts 

S3* 

“"nornflics'usually leave the animals only to lay eggs. They swarm 
to a fresh dropping crawl under it and lay their eggs, and return to the 
to a ircsh The larvae develop in the dropping in 

animal in 5 to 10 minutes. 1 « . i arir „ 1,1 »c k 

about 10 to 12 days; they are about < mm. long and 

| i . , t> 77 n^ verv close together. They pupate in soil 

stigmal plates (see p. 7-0) cn► «J' „ s enu . rgt , crawl 

under the dropping; the tl.it ami the 

off to rest for an hour, distending the 

wings. The flies live for 0 or 7 weeks and lay about f 00 eggs 

Hornflies because of their habit of staying on animals, are cas.h 
controlled by spraying animals with emulsions or -sponsions o n- 
secticides (see pp. 532-535) or. in small herds, hand dusting at a .out 
3-week intervals. Cables wrapped with burlap soaked ... ml so uhons 
of insecticides can be rigged up as back-rubbers to onibk ca do 
do their own work of hornfly control. Space sprays ... barns with sucl. 
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Fig. 218. St.iblcfly. Stnmoxys calcitrant. A. adult; B. head, side view; C, larva, 
with enlargement of anterior spiracle; D. pupa. (Adult, x5; larva and pupn, 
x7.) 

volatile insecticides as lindane or diazinon also kill many hornflies, and 

the ecus of helminths. Weight gains quickly follow treatments. 

Laake estimated that a pound of DDT caused a gain of 2360 lb. of 

animals. Complete extermination of hornflies might not be extremely 

difficult unless the flies develop immunity to the chemicals as do 

houseflies. Unfortunately, however, the day has not yet come when 

the animals could comfortably dispense with their tails. 

Stableflies ( Stomoxys ). The genus Stomoxtjs contains a number 

of Old World species, but one, S. calcitraus . the stableflv or dogfly 

(Fig. 218). is an annoying pest of animals and man all over the world. 

In some outbreaks the stableflv may cause as much loss in beef and 

milk as the hornflv. The stableflv resembles the housefly so closely 

0 ¥ • 
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that it is often mistaken for it. whence the common belief that house¬ 
flies can bite. It is easily distinguished by its narrow, pmnted, shiny 

black proboscis (Figs. 217C. and 218B). 

Stableflies breed by preference in decaying straw or rotting vegetable 
matter or straw mixed with manure, particularly of horses. An unusual 
scourge of them, sufficient to harass cattle severely and to denude 
the beaches of bathers, occurs on parts of the Florida and New Jersey 
coasts where washed-up piles of seaweed, trapped in lakes behind 
sand dunes, afford ideal breeding places, especially in September. 
Later, in December, extensive breeding occurs in piles of peanut litter 
and celery strippings farther inland in Florida. 

The eggs are deposited in small batches; in a few -lays they hatch 
into white, semitransparent, footless maggots (Fig. lUC) distmguisl - 
able by the form and position of the stigmal plates at the posterior end 
(see Fig 247). The larvae mature in 10 days to a month or more and 
pupate in drier parts of the breeding material. The chest,.ut-coknvd 
pupae (Fig. 218D). 6 to 7 mm. long, hatch a week or more ... warm 

Stableflies frequently begin a meal ... animal and finish «■ on 

another, so they may mechanically transmit diseases s,.ch a> trypano¬ 
somiasis, anthrax, vesicular stomatitis, etc., ,ust as do '..bam. s 
p. 689). They are particularly important as transmitters of I '■!"<- 
soma eoansi, the cause of surra. Stmt.or.,* and Mitsui alsos«ve as 
intermediate hosts for spiruroid nematodes of the gems ' - < » 
(see o 499) parasites in the stomach of horses. Halm lais.u 
may cause human conjunctivitis, when liberate,I by flies. ... the sore 

eyes of children. St,.. is also a,.-.mediate host for t fi I.ru^ 

S a,aria ccrvi, of deer, and lor a tapeworm of elm kens Uymcnolc'ns 

00 Where immunity has not developed control can be ^ 

means of sprays on animals or residual sprays ... barns. ' 
elimination of breeding places is lar more feasible than " ' '' 

of tabanids. Along the west Florida w»t «l«e mar,e s£*a0m' 
washed up on shore breeds ... ol these ies " "ia « >« • 

application of 2 gallons of O.V.. DDT mm,I.. per 1.10 gas. 

excellent results; about 100 to 600 gallons per mile ot shore was 

needed. 


Ilouaefly (Munca ihtinrslirti) 

The common housefly. Musrt, tlomcstUa, world-wide in 
is too well known to require detailed description. In some areas about 
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99 r f of flies in houses are usually of this species. In the United States 
the housefly spends some of its time creeping over the babys toys 
or contemplating the view from a window pane, but in Egypt the 
variety vicina has dedicated itself with an incredible singleness of 
purpose to crawling over the skin of human beings and driving visitors, 
at least, frantic. A smaller but related species, Musca sorbens, has 
somewhat different habits; it clusters around the eyes and mouth or 
sores and sits by the hour, trading germs with its environment. It is 
also partial to meat in butcher shops, and human feces, which in the 
Near East may be found practically anywhere, but especially in the 
animal room of village houses. In many places in the Near East a 
fly brush for sweeping flies from the face is a most essential piece of 
equipment and is one souvenir a tourist does well to buy. 

The housefly is a particularly important transmitter of filth germs, 
especially those affecting the eyes and the alimentary canal. In Egypt, 
when flies were practically eliminated from certain villages by chem¬ 
icals for a few months, pussy eyes, due to gonococcal infections, were 
strikingly decreased. The relation to enteric diseases is due to the 
fact that the fly frequents privies and feces for egg laying, and 
dining tables and kitchens for food. It harbors vast numbers of germs 
on its sticky feet; vomits them from its food reservoirs with liquid to 
melt sugar or cake; and deposits germs in its feces (fly specks)—and 
a well-fed fly is said to produce such specks about every 5 minutes all 
day! It is probably the greatest single factor in the epidemiology 
of bacillary dysentery, and is an important one in other enteric diseases 
of both man and animals. In addition houseflies have been found to 
pick up and harbor the virus of poliomyelitis, though there is still 
no evidence that they arc an important factor in causing the paralytic 
lorm of the disease; their possible role is discussed on pp. 227-228. 
Helminth eggs can be carried externally and also internally if under 
>') ;t in diameter, so houseflies as well as blowflies could be a factor 
in causing hydatid infections (see p. 362). 

I be housefly lays its eggs by preference in horse manures, but will 
brcc d in almost any kind of animal or vegetable wastes, in pen litter, 
or in slop-soaked soil. The eggs hatch in 12 to 24 hours, and the 
maggots, recognizable by their stigmal plates (see Fig. 247), are full 
grown in a few days. They then move to drier places, pupate, and 
emerge as flies in about 2 to 3 weeks. In her lifetime, averaging about 
6 or 8 weeks, a female deposits about 2000 eggs. 

'1 he housefly suffered a serious setback when automobiles replaced 
horses in American cities, and the advent of DDT sprays was thought 
by many people to si^cll "finis” for this pest. In fact. Science News 
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Letter , in April 1948, carried a big headline "Flyless Age Now in 
Sight ” and some cities and even states seriously set out on campaigns 
of extermination. Five years earlier this would have seemed a fan¬ 
tastic dream; five years later it is recognized to have been just that. 
The housefly, to a greater extent than any other insect, has adapted 
itself to living with DDT, just as it adapted itself to living without 
horses. After a few months or even weeks a fly population, by natural 
selection, may become entirely immune (see p. 536). When immunity 
to one chlorinated hydrocarbon is developed, immunity to others fol¬ 
lows more quickly, so mixtures of these insecticides should not be used. 
Also, resistance develops even faster in the larval stage; any chemical 
used against the adults should not be used against the larvae. Residual 
treatments of the contents of privies increase the fly output. 

A fly population that has become immune to DDT and related chem¬ 
icals consists of superflies which are hardier in other respects as well, 
and may become more abundant than in untreated places. As vet, 
however, most populations are still susceptible to the organic phos¬ 
phorus compounds. Excellent control of adults has been obtained by 
hanging 3/16-in. cotton cords impregnated with parathion or diazmon 
in dairies, dining halls, etc. (30 ft. of cord per 100 sq. ft.). Use of 
these substances mixed with sugar or syrup as sprays ( l:-.5) or as dry 
or wet baits gives spectacular results. In one barn 50,000 flies were 
swept up about 2 hours after distribution of bait! Such baits painted 
on likely resting places may remain effective an entire summer. The 
organic phosphorus compounds are also very effective against maggots 
when sprayed on manure with plenty of water (0.20% in a total ot 
225 cc. per sq. ft. in several applications). 

It is obvious that we must return to basic sanitation for fly control- 
sanitary disposal of feces, frequent thin spreading of manure on farms, 
burial or burning of garbage or other materials (e.g., at slaughter 
houses) where flies breed. We must also, for protection against fly- 
borne diseases, screen houses, protect food on trucks or in shops, etc. 
It is no easy road, but it is not blocked by impassable barriers as is the 
attractive-looking road of chemical control. 


Blowflies 


Although the housefly is the most important mechanical earner of 
pathogenic organisms, many other flies may also serve in the same 
capacity. Attention should be called to the blowflies (Calliphor.dae). 


some of which breed in dung but most of which breed m carcasses and 
garbage. They may carry not only germs of enteric diseases but also 
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those of plague, anthrax, undulant fever, and tularemia, and may be a 
factor in transmitting hydatid disease. Phoenicia sericata ( =Lucilia) 
is a very common domestic fly in warm parts of the world including 
the United States, and is sometimes more common than Musca domes- 
tica. An unsolved enigma, but one that may have significance, is the 
fact that a high percentage of blowflies (principally Phoenicia sericata 
and Phormia regina) collected in the vicinity of poliomyelitis cases 
were found to harbor the virus. They probably did not get it from 
human feces; where, then, did they acquire it? The answer might help 
to solve the problem of polio transmission. 



Fig. 219. A. Tsetse fly ( Cloxsina ) in resting position, x4 (adapted from 
Austen and I legit, Tsetse Plies, 1922 >. IP head and mouth parts: out., antenna; 
laip.. hypopharynv: lab., lahiuui; label., luln-llum; l.e.. labrum-epipharynx; palp. t 
labial palpus; spiracle (after Aleoek. P.utnmologtj for Medical Officers, 1920). 
C, h> popygium of 6. retracted. /). antenna. 

Tsetse Hies (Glossina) 

Tsetse flies are of paramount importance in Africa because of their 
•ole as vectors of the trypanosome infections of man and domestic 
. .rituals, which have had a profound effect on the economy and devel¬ 
opment of that continent (see p. 131). There arc about 20 species 
of tsetse flies, all belonging to the one genus, Glossina, of the family 
(dossinidae, sometimes considered a subfamily of Muscidae (Fig. 219). 
Except for one species that enters southwest Arabia, the tsetse flies are 
confined to Africa from south of the Sahara to the northern parts of the 
Union of South Africa (Fig. 220). 

Morphology. The tsetse flies ( Fig. 219) are elongated dark brown 
or yellowish-brown flies, some species no larger than ordinary house- 
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flies others larger than blowflies. When at rest they fold their wings 
flat over the back, one on top of the other, instead of spreading them 
as do most other flies. Even on the wing the darting manner of flight 
and buzzing sound make them fairly easily recognizable The anten¬ 
nae (Fig. 2X9) have a conspicuous arista with long-feathered bristles 
on one side only. The proboscis, which projects horizontally in front 


of the head, consists of a pierc¬ 
ing labium with a bulblike base 
and special structures at its tip 
for rasping and tearing. In its 
anterior groove are a delicate 
labrum-epipharynx forming a 
food trough and a fine hypo- 
pharynx containing the salivary 
duct. The elongated maxillary 
palpi, each grooved on its inner 
face, close together to form a 
sheath for the proboscis (see 
p. 692 and Fig. 217/)). 

The large quadrangular tho¬ 
rax and the tapered abdomen 
have characteristic patterns in 
the different species (cf. Figs. 
222 and 223). In the riverine 
species (pal pal is and Itnln- 



Flg. 220. Approximate ranges of tsetse 
Hies. 

.... range of entire genus C.lossina 
^ . range of Glossina iuiIimiHx 

sT; . . . range of Glossina niorsitans 


noides ), vectors of Try /hi no- ... .. II1V 

soma iambicn.se, the hind tarsi a..- all dark, whereas ... the mor S i/c ,w 
group vectors of T. rlmdesiense and the animal trypanosomiases, they 
are partly pale. Male tsetses have a large oval swell..* on the under¬ 
side of the last segment of the abdomen, the hypopyg.um (l-.g. 


219C), containing the genitalia. , nn 

Hal,its. Tsetses are diurnal, although G. ,M ,«•* 
moonlight nights. G. tachinoidrs stays close to the ground and usually 
bites below the knee, whereas pal,mil, and others commonly fly 5 or 
6 ft. above the ground and more frequently b.te above the wms. I 
usual flight range is only about 5(H> yards to at most a nule os. 
although the flies are often carried considerable distances by ve . h . 
animals, or bicyclists. Most species avo.d e.tl.cr thick under " r 

parklike areas under a canopy, since they commonly rest on the unde - 
side of tsvigs near the ground, and deposit tl.c.r young unde loss 
shade. G. ,add,,aides is entirely barred by thick underbrush, and css.. 
the morsitans group avoids dense unbroken thickets. Most species can 
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stand considerable ranges of climate and environment. G. palpalis and 
tachinoides are found only close to water along rivers or lake shores 
except in wet rain-forests; palpalis seldom thrives where there is less 
than 45 in. of rain, but tachinoides may extend along rivers to a 15-in. 
zone. The morsitans group, on the other hand, is partial to savannah- 
woodland, frequenting clumps or stretches of certain types of vegeta¬ 
tion surrounded or interspersed by open grassland, into which the flies 
make hunting forays to feed on game animals. Moving objects or even 
large quiet objects attract them, so small clearings for distances of only 
100 yards or so along streams may increase rather than decrease fly¬ 
man contacts. Tsetses show marked preference for certain colors; the 
dark skin of Negroes is selected in preference to pale skin to such an 
extent that a white man is seldom troubled when accompanied by 
natives. 

Both sexes of tsetse flies are bloodsuckers, but they also suck plant 
juices. Different species have different tastes. The G. morsitans 
group, including pallidipcs and swynnertoni, feed mainly on large 
mammals (game animals), but they seem to have a preference for 
warthogs and pigs. These species arc the most important transmitters 
of T. rhodcsicnse of man and of the animal trypanosomes— brucei t 
congolcnse , and virax, and their relatives—which are so deadly to 
domestic animals that in the presence of these flies it is impossible to 
keep anything but poultry and a few fly-hardened goats. Small 
mammals are of little use to these or other tsetses because of their 
retiring and nocturnal habits. It is a case of game and tsetses or 
man and cattle—it cannot be both. The riverine species of tsetses 
(G. palpalis and G. tachinoides ) which transmit T. fiambicnse to man, 
on the other hand, are able to thrive where there is no game and man 
is the only source of food, except for occasional blood meals supplied 
in a pinch by lizards, crocodiles, or birds. 

I.ife history. Tsetse flies differ from most related flies in their 
remarkable manner of reproduction. They do not lay eggs; a single 
developing larva is retained within the body, being nourished by special 
"milk glands' on the walls of the uterus while lying with its stigmal 
plates, containing the spiracles, close to the genital opening of the 
mother. The larva passes through its molts and is full grown and 
ready to pupate before it is born, occupying practically all of the 
swollen abdomen of the mother. As soon as one is born another begins 
its development, and new larvae are born about every 10 or 12 days, 
provided that the temperature is around 75 ; to 85°F. and food is 
abundant. There are few data on the total number of young produced, 
but in one captive fly eight larvae were produced in 13 weeks, and only 
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one egg was found left in the body. Pregnant flies often abort when 
disturbed and cases are known in which the larvae pupated within 
the abdomen of the mother, to the destruction of both of them. 

Rreedinc occurs mainly in the dry season. 

The full grown (third stage) larva (Fig. 22!C) is a yeHow.sh-wh'te 
creature about 8 to 10 mm. in length, with a pair of dark knohhke 
protuberances at the posterior end. between which are the stigma 
plates. Immediately after birth it hides itself at a d-pth of 1 to cm. 
in loose soil or under dead leaves and transforms to a pupa (H=- 



Fig. 221. A and n. Gtossina monitan* M<*c 
from Austen and I Mi. Tsetse Flics, ^ 



and after feeding. * » (adapted 
newly born larva of C. luilitahs. 


D, pupa of G. pal palis. 


221 D) This is olive shaped, and turns a mahogany color, with the 
Safklsh Sob", ill preset,', a, the posterior end; .Ik- s ««; «• 

logs, hollows under - w, 

! CSS rcSiS,i ‘"‘ as high shade; 

SH All, tsetses apparently live for only a few months in the wet season 
and possible for only about 3 weeks under dry conditKns. « 
drier parts of their range ,«#,*•»» and 'adnnoulcs often cone, n, a - ■ 

the vicinity of a few persisting water holes along the course "I - ' 
Since the human population does likewise, it is obvious that 



702 


Introduction to Parasitology 

though the flies may not be numerous, the contacts with man are 
numerous, and conditions are ideal for transmission of human trypano¬ 
somiasis (see p. 140). The infected people, frightened by outbreaks 
of the disease, or seeking new water holes, or migrating along trade 
routes, spread the disease further. There is one record of 30 of 43 
people in a hamlet becoming infected, the source being a small water 
hole where four tsetse flies did the job. In wet coastal areas, even 
though the flies may be far more numerous, they are more dispersed, 
have more alternative sources of food, and there is much less sleeping 
sickness. 


Tsetse Flies and Trypanosomiasis 

The principal transmitters of Trypanosoma gambiense of man are 
Glossina pa l pal is and G. tachinoides; in parts of northern Nigeria and 
northern Camcroons G. tachinoides is the primary transmitter. The 
principal transmitter of T. rhodcsicnse of man is G. morsitans , although 
in some areas in East Africa the related swynnertoni and pallidipes are 
equally or more important; in an epidemic in Uganda in 1940-1943 
pallidipes was the principal vector. This morsitans group, as remarked 
above, includes the principal species concerned in transmitting the 
animal trypanosomes, even in places where palpalis and tachinoides are 
commoner. In parts of West Africa Ion gi pal pis is another important 
vector to animals, and in East Africa hrevipalpis. Other species, 
either because of their rarity or their food habits, are less important. 
The morsitans group is also able to transmit T. gambiac experimentally, 
hut its dependence on game results in its being scarce except where 
•here are few human beings (less than 40 per square mile). The 
importance of this group of flies in transmitting rhodcsicnse to man is 
» idouhtcdly due to this species of trypanosome utilizing wild game as 
1 1 oservoir to a much greater extent than does 7\ gambiense. As noted 
in Chapter S. even in many places where 20 or 30 r £ of game harbor 
trypanosomes only a small percentage of the flies may be infected. 
Some strains ol flies seem more refractory than others. 

Glossinn palpalis (Fig. 222) is a large dark species with blackish- 
! mun abdomen and gray thorax with indistinct brown markings. Its 
wide distribution in west and central Africa, shown in Fig. 220, is 
ne ii sv coincident with that of Gambian sleeping sickness. In the rainy 
sc.iMm the flies may extend their range and retreat again as the water 
iir»c*s. I his species is seldom found more than 30 yards from the edge 
ol a river or lake where vegetation overhanging the water is abundant, 
although it follows man or animals for a few hundred yards from such 
positions. It is feared that G. palpalis may sometime bridge the short 
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Flo. M2. Clossina polpalis, carrier of Gambian and Nigerian *«P<ng 
x4. (After Austen and llegh. hlurt - — } 


sickness. 


gap between the headwaters of the Congo and the Zambesi and become 
established along the latter river and its tributar.es, carrying sleep..,« 

Si tZ^£ is one of the smallest tsetse Hies about the of a 
housefly, occurring ar.mnd the southern lnuder of « ,K ‘ "[*. ''t 
habitats similar to those of but .t » able to hve ... more 



223. Clossina monitor «, canicr 
er Austen and Hegh. Tsetse Files. 


of HlicKlesian 

1922.) 


looping sickness. 


x4, 
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sparsely shaded places with less rainfall, and it is absent from the wet 
coastal areas. It feeds on animals primarily but is not entirely depend¬ 
ent on game. It is an important vector of sleeping sickness only in 
sacred groves, around water holes, etc., where there is little choice of 
hosts and contact with man is close. 

G. morsitans (Fig. 223) is the most widely distributed species of 
tsetse fly (see Fig. 220) and is also the best known, having attracted 
the attention of big-game hunters in Africa for many years. It is 
slightly smaller and much lighter colored than G. palpalis, with dis¬ 
tinctly banded abdomen. G. morsitans is not confined to the immediate 
vicinity of water. It prefers dry savannahs interspersed with patches 
ol bush or woodland where there is a moderate amount of shade, but 
shows strong predilections for certain types of vegetation. It is not 
found in open grassland or in deep forest. A thin, deciduous wood¬ 
land called "minmho" is an especially favored habitat, but within any 
environment this and other species exercise a very precise choice of 
places to feed, rest, or breed. With sufficient knowledge tsetses can 
sometimes be eliminated by surprisingly little “discriminative" clearing 
in local areas. 

G. swynnertoni favors somewhat drier and sparser vegetation than 
does morsitans, whereas pallid ipes and brcvipalpis favor somewhat 
greater humidity and denser thickets. All these species are closely 
related and are good trypanosome transmitters. 

Control 


o 


C. iMilpalis and G. tachinoiiles, which live along rivers and shores 
'I lakes, are easier to control than the morsitans group, which is inde¬ 
pendent of water. Partial clearing along river banks by elimination 
" l brush and low branches of trees, with "ruthless" (complete) clearing 
!mi 1 "" lr t,le cnds ,,f the cleared areas to prevent reinfestation in 
" ill eliminate these species from sections of stream or even 
' , S > 5U ‘ ,,,S - This has been demonstrated in Nigeria and the 

1 o reduce contacts between fly and man and thus reduce 
, f v l. , «" < »oiniasis, "defensive" clearing is done on either side of 
' I. •nes. hi ulges. fords, etc. Clearings for less than 200 yards increases 

-no". s/.?i" ,1C *^ by , maki "S man "»«>«* visible. Ruthless clearings of 
Vsnn m * r< i‘‘ " Ce FBH < flies l >er boy hour) 60%. Clearings 
to 1( " ’ > ;mls f? ive ‘be highest rate of freedom from flies that 
IS economically practicable. For these flies game extermination or 

exclusion is useless. 

Control of the morsitans group is more difficult. In earlier days 
the only solution when sleeping sickness outbreaks occurred was to 
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relinquish the land to the tsetses and game, and move the human popu¬ 
lation to less dangerous places. This is sometimes still the best policy 
where the land is poor and population sparse. Now, however in areas 
that are worth it, the land can he reclaimed for man and domestic 
animals and the tsetses banished. The methods used include (1) direct 
attacks on the flies by insecticides, traps, burning, etc.; (-) game 
destruction or exclusion; (3) clearing of certain types of vegetation; 

and (4) human settlement. .... , . , . 

Treatment of water s edge vegetation with dieldrin emulsion controls 

G. pal,u,Us and might eradicate it. The C. monllans group can be 
greatly reduced by airplane spraying of savannah woodland local > 
spraying cattle or bicyclists clothes and then having them pass back 
and forth through an area, generating insecticide smokes, u mgI trap*, 
and burning breeding areas, but the necessary complete elimination 

can seldom be accomplished. , 

Destruction of game is a successful method on more or less .soUted 
areas of a few hundred square miles, but one which - o 'ei ooU 
upon with considerable repugnance It is. however. U '’ R,V ' 1 ; 
preserving the game for hunters and naturalists or making land .nail 
able for development by man. Game reserves in areas unsuitable for 
development—and there are plenty of thcm-wil. prevent ex ermina- 
tion of the animals. Danger that with game clostruct.o the • 
will turn their attention to domestic annuals is rum. te for *Buxton 
(1948) pointed out there is no moment when niunen sj 
could do this. Until all the game is gone a.ul the tsetses 
are not yet any domestic animals availab <■ <ncm_ < • ^ 

has been tried, but the expense and difficult..*. ...vo••uly nuU < 
feasible. It was primarily by game destruction 1 "‘ "" 
miles in Southern Khodesia have been reclaimed 

Hecla,nation by "discriminative” charing 

flies has been successful m <R f ' [ ' 'I'^ldo/in.’ with help from 
Methods include late burning fell.>>!-•• knowledge of the 

^ .- 

problems. Most of the land to he reclaimed is ,;™ 

settlers occupy it to drive oil the game, t u anc is There is 

worked and starvation eventually replaces trypanosomiasis. 
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clearly no easy road to the development of Africa unless the use of 
prophylactic drugs in animals and man may bring about a partial 
solution (see pp. 146-147, 158). 

Hippoboscidae 

These peculiar insects, sometimes called louseflies, were once in¬ 
cluded with two families of bat parasites (“bat ticks') and a family 
of bee parasites in a group “Pupipara," but Bequaert (1953-1957) has 
shown that this is an unnatural assemblage, and that the Hippoboscidae 
are most nearly related to the tsetse flies. 

The hippoboscids are dorso-ventrallv flattened, with a leathery, sac- 
like abdomen without evidence of segmentation in most species, with 
the head directly forward in a horizontal position, and with the opposite 



Fig. 224. A, V*nnloliinchia canaricnsis; note large eyes and exposed antennae; 
/* and C, Mt lnphapus ovinut, the ked or "sheep tick.” In D, note small eyes, 
ant. nn.tr ••'ink in pits, and long palpi sheathing month parts, as in tsetse flies. 
(A anil li adapted from Massonat. Ann. I’n/c. Lijon. 1909. C from Metcalf and 
Mctt ilf, A Key to the Vrimipnl Order* and Families of Insects, 1928.) 


logs set wide apart. The mouth parts are similar to those of a tsetse 
fly but with the piercing proboscis partly retractile into a pouch in 
the ventral part of the head, the projecting part then sheathed by the 
labial palpi. In the w inged forms the eyes are large and the antennae 
exposed, but in the w ingless “sheep tick." Mclophagus ovinus, the eyes 
are small and the reduced antennae sunken in pits on top of the head 
(*'*"• C). They give birth, one at a time, to larvae which are 

fully mature and ready to pupate. In most species the larvae are 
deposited in dry soil or humus, in the nests of birds, or in other 
protected spots where they transform at once into pupae and turn a 
shiny black. In the subfamily Melophaginae, however, the motionless 
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larvae are deposited in the wool or fur of the host; the wingless ked 
or “sheen tick " Melopliazus ovinus, has the larval skin covered by a 
gLdS,Since which sticks it to the wool, 

SfiSt ..»■ .>*<-• «—** 

HaLoiJcus CO, . . (see ^ 

H lophortyx among Caldonua ^ _ Th ^ ^ * 

Plngus ovmus (Fig. --W. >• ,. irva t . vt . rv 7 or 8 days until a 

The females give birth to a h. - sla? r t . | as ts for about 

total of 12 or 15 have been born. , | | >ollt 2 weeks after 

3 weeks, and the adult is rea< > 0 )L ‘y {c imst |or t \ w nonpatho- 
emergence. The ked *«v«m| “J 1 '"jj . ir ,.„th the blood of the 

S^S^S^n/Jbtri^ti^c.trypanosomes for 

,nf ThSStScb tily exceptionally bit.an bn, produce painful 

bites when they do so. roU .„„„c. or other sprays applied 

Keds are easily control!. , T |„. pupae are not killed, 

under pressure, or by dips or M whe|| tlu . y 

but the residual effect lasts long enough to 

emerge. 

Eye Flies (Chloropidoe) 

...x ,n n,. »rlv hairless flies, about 1.5 to 
The eye flies (Fig. 2-’) .....i'.pjdac ( Oscinidae). The larvae 

2.5 mm. long, of the »auiil> 1 f t . u . | MI | m0 st of those 

of some species are P««* «> f „ r decaying organic matter, 

annoying to man breed S ll)1< ,av ; usually called II. /»«*». « 

Hip,,elates collusor (so-c..ll.< . • • f | y Ha „ to in almost 

common southeastern specie > • ( w | lcn artificially bred 

any substance in an advance st. 

it did best in human excrement. M U\h required 

According to Hal. the entire development on egg* ., 

11 days or more. averaging ,he time might be 

28 days to be required • ■ Although the eye Hies 

extended to several months or in.my > 
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are not bloodsuckers in the ordinary sense, many of them are habitu¬ 
ally attracted by the skin and natural orifices of man and animals, 
lapping up perspiration, excretions, exudations of sores and wounds, 
or blood from scratches or insect bites. Some species appear to be 
especially attracted to the eyes and lachrymal secretions of man, 
whence their name. The proboscis is fitted for lapping, as in the 
housefly, but is capable of being used as a rasping instrument to cause 
minute scarifications on the delicate conjunctival epithelium or on 
granulation tissue of sores, thus assisting pathogenic organisms in gain- 



Fin- 77 5. Stages in life cycle of California eye fly. // ippclatcs collusor. A, 
I ’ »l ""I lateral views; B mature Ian’s; c. pupa; D, adult 9. .A. about 
• I *. B. C. .uni /). silxmt v 18. (Aft. r I). G. Mali. Am. ). HjU-, 16. 1932.) 




•nice. 

a. 


The habits of these insects, therefore, render them 


i • _ eiii 

'« dar!\ langerous mechanical carriers of eye infections and of 
i‘ >p> s '*1 tlie skin and mucous membranes as well. Grahain- 


Sncth i 
disease • 


' -;.\es a review of the principal species concerned in 

'.mission. 

Itelaiimi m o>e diseases. In the Coachella Valley of California 
//!/»;*. ////• / f/\ or t I'ig. 225), and in parts of Florida II. pusio, are 

a suiticici 1 miisance to be limiting factors in the development of the 
1 ' ‘ ,ri ‘ s "»‘dl Hies. 2 mm. in length, which are active 

<nt the da\ for 9 or 10 months of the year, but particularly in 
m m- and tall. They persistently buzz around the heads of men and 


V 
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animals, frequently darting at the eyes or into tire cars 
sores or mucous membranes. In one lugh school 15«» clnklrtn were 
» suffering ton ' pinkeye ' in 1929, 50'1 ? ^ 
dren of the region had some conjunct.v.t.s, and 10 A »«d chrome 

tr TnIn n dia and the East Indies another member of the family Si,./urn- 
with similar habits, is responsible 1^- 

SSZ « pESX 

- T ,h " SJSTcSL^ ■» 

sion of yaws (sec pi • r <*snonsiblc* f or the majority of cases of 

flies, HippdnU, flaupcs. were ‘ ^ ,jessed by a 

yaws in the Wes, lnd.es, * ■ndar s » . ^ a/ ., Trinid ad 

number of other writers m tlu v>isi 

this species is called , „ M . sl>ir0 che,es of yaws remain 

Kumm and Turner 1936) V^. 1 1 diverticula of II. find,’™ for 

motile in the pharynx ami c ‘ ...idg.., and do not undergo 

at least 7 hours but lose their motili . rt .| ;ips ing fever in lice, 

development in the fly as , ' " „ uUl alll . r feeding: these drops 

The flies commonly r „ experimentally trans- 

contain viable spirochetes K fljes alld by inoculu- 

mitted the disease , o rab n s both ln es ^ rrolatioll between 

tion of esophagea diver .0la rh jr* « jn Wes , In dies. It 
the distribution of tin* «> a ', fading on yaws sores within 
was possible to catch ^ .^^...isshm arc obvious. 

15 minutes, so the opimrt.nn i( | ( . |llics „f another spirochetal 

In Assam, Fox in 1921 sh.m-cd *a< pIngllM of 

infection, Naga sore (see p. - am l mechanically 

Siphunculina funicola, winch "'»r«n 

transmit the infective ...c.U ri.-l (lj „ it . u |, bllt ,l ie suppression or 

Control. Control of these ^ improved sanitation to pre¬ 

treatment of decaying W* ; wollld be of some value. Parman 
ven, breeding ... human i»' 1>ait ed with odoriferous decay- 

in 1932 advocated the ns.- of - P b ,„ r „,her flies, and of 

ing infusions. DDT =»P r «> ,n b . reduce the number of 

buildings, etc., for houseflies, will c« rta.m> 

eye flies. 
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DIPTERA 

II. MOSQUITOES 


Importance. Of all existing .'Xd^imorinous numbers of 

sr-s: i £kssu - 

world practically tmmhabitebh • .j , n onintk . ss millions of 

camping grounds have been tr. . 

mosquitoes into an intolcrab »• u* . p ar North are more 

Unlike most insect pests the iiiom| , accs hl Alaska mosquitoes 

abundant than they arc m the rop s. woolen glove at the rate 

have been observed to land on the back o a^ ol is as 

70 P „ mlnolo.«, W32E2S"I!„ kltcl.. 

necessary to the civilized hU • mos<lll jtoes are not disease trans- 
Fortunately these far nor icr ^ | iave spears poisoned 

mitters, whereas many tropitu lorllll , a tclv many of the tropical 

with death-dealing disease gfj-r_ • ^ (|ius a[( . particularly noticed 

species do not annoy when I it - • normally transmitted 

No less than five important dengue, filariasis. and 

by mosquitoes exclusive!) ‘ ' .rxj). A South American 

various forms of cnwjphsihMny*- 1 f<>r trallspor tation of 
lly, Dermatobia, usually <hp«» „|„. r c they hatch and cause 

its eggs to the skin of man or . , v . iriolls v i r „s infections, 

myiasis. Many diseases; of anm Kl|osiN „f rabbits. Kift Valley fever 
such as fowlpox of po .1 r • n y ^ ^ as ol l, ir ds. ami hearts or,., 
of sheep, and encephalitis of I ,.„|„sivrlv l>\ inos<|,iitoes. 

of dogs, are also transmit,.-.>;~*, tll p ris m,. the family Cn.icidae 
General »lrue««re. M 1 js , lt . a , r „m all other Hiptera. 

(see key. p. 666), can easily . „ . (1|c prt . sl . 11C e of scales 

some of which superficially r “ s , rillUt - „| scales along the hind 

along the wing veins and a co, 1 iln d ill) is very 

margin of the wings. Hie ve.,,, „ K . scales, 
similar in all the specie*, but 

/IS 



716 


Introduction to Parasitology 



Labell am 


Antenna 


Maxillary palp 


Thorax 


Scutcllum 

Poat- 

scutellum 

Halter-" 


Tibia 


Abdomen 


Middle Leg 


Tarsus 


Mg. 2:6. Diagram of a mosquito, dorsal view. (After MacGregor, Mosquito 

SurLCjS, : 6 - 7 .) 
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A O-taM • n 9 Anopllclcsi c. i Aw*. 

"9. ,ImJs of ,T 2 ’ w-i rf - ‘ ,yp,us; f - eye; 

especially in Anopheles is £** * con' 

= 8 ^^-srrx; —- - - 

families there is no long proboscis. 

I X V 

p ‘ 



Mel.et=^' Clllu . im . : an,., antenna: cf. clypeus: 

FIB- 228. Head and mouth parts '" ,. 1 i„.|| 1111 .. f.c.. lalmim-ipipharynx. 

e* eye; »... hypopharynx; 3' -„,audible. (After M-h««. Med- 

maxilla; max.p.. maxillary palp- 
teal Entomology, Comstock.) 

f— « «.» * - r-ssssr— 

mosquito. The sexes can usu. > > arc , ong and slender with a 

antennae (Fig. 226); in the ton Whereas in ,he male they have 

Whorl of a few short hairs a« each I ^ ^ mimcrolls hairs at the 

a feathery appearance tlu a i so furnis h a means of chstin- 

joints. In many mosquitoes tn L i 
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Fig. 229. Milo "onit.ili.i of mosquitoes. A. Anopheles quadrinutcuhituS; B, 
Aedrs upti. ( . ('k/. v fiiiiiiuns. Abbreviations: />.*.. basistyle or side piece; 
el.. di j .tfr with spin.*x; d v.. disti'tvlo «r elasper; phallosome or nedeagus; 

;>r., pro* tigei c»j m.il lobe. mi I., MiUapie.il loUe (only in Culvx). (After Ross 
and Roberts in Mou/nito Atlas, 1.) 


guishing the sexes; tliey are usually lout; in the males hut short in the 
females t I 22 7). hut in Anopltclcs they are long in both sexes, and 
in some mosquitoes, e.g.. ( runolaenui, they are short in both. 

I'lie proboscis also dilFers in the sexes and fortunately is so con- 
; ,meted in the male that a mosquito of this sex could not pierce flesh 
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■ -—• « •*+ziXSZXSTJZi S': 

bristle, sometimes cur\ed, b number of needlelike organs 

microscope i, is ^ “ ^Sium wh"cbts the only part visible 

lying in a groove in the Hesl > . six G f these needle- 

before dissection. In .be femaleFig. m The 
like organs, the nature and "» ,, re the principal piercing organs 

labrum-epipharynx and hyp l • blood into the mouth, 

and act together to form a tube fo /T^Lmrx. opening at its tip, 

A tiny tube run down as‘through a hypo- 

through which saliva is pour -ovulating. The maxillae and 

dermic needle to prevent Mood Cognizable by their 

mandibles are thin, flat a'“ ‘" 1 , )mvs back as the mosquito 

sawtooth tips. The enshcathi 8- as Rllil i c f„ r the piercing 

bites, the flexible tip or lab. II • ^ ^ ^ mosquitoes the maxillae 

organs as they are sunk into » ‘ , the remaining part of the 

and mandibles are much degem rated, , 

apparatus being well dexclopi c ■ onct , a i rc ady. adult mosqui- 

Uesides the variations of the P- |(>( . „ M . scales that clothe 

toes vary in the form, distn >u ^ ()f ( , u . xvings , the distribu- 

much of the body and the cc g* ‘ 234). the details of the 

‘io„ of bristles on the thoracie R entes (F^.. ( ^ „ ()) 

male reproductive organs at t 1 respects. Mosquitoes 

details of the female bypopygu.m am m o jn addition 

have three food reservo,, conueet. d «^ f))r stO rag 0 of 

to a large stomach (l ig- •>* »• » t not f„ r blood, which passes 

“aspirated” foods such.as rui ) ^ probability of direct * in¬ 
directly to the stomach. . |Ju . r ;lll infective feed. C on- 

mission of disease germs linim t • ^ sa |j Viir y panels consisting of 

nected with the proboscis is ‘ I n j t | M . thorax. It is in these 

three lobes each lying in « »«’ ;,n ** ^ ^.v^opment; from here they 
that the malaria parasites to • ( into the wounds, 

arc poured with the secretions of the g.u. 

Life History and Habit* 

, ,1 iif 4 . histories of all mosquitoes are much alike, 

In a general way the hie historic 

but they differ in details. usually oval with 

Kggs. The eggs of with a peculiar “float" of 

various surface markings a . , one f,, lna le mosquito varies 

air cells. The number ()f A( .,/,-s and Psoto,,lwro 

from 40 to 50 to several ' A|| £ )/ie/ej . | ays the... singly in loose 

lay their eggs singly ^ Cu/iseto. and Ura.wU.cia lay 
clusters on water (l'»g. 
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them in little boat-shaped rafts called egg-boats, the individual eggs 
standing upright (Fig. 231B); and Mansonia lays them in irregular 
clusters on the underside of floating leaves or in rafts. 



Fig. 230. Eggs of mosquitoes: /\. Culiscta inornata; B. Mansonia pcrturbans; 
C, Aedes aegyptl; D, Anopheles punctipennis, dorsal view; D\ same, ventral 
view. x75. (After Howard, Dyar, and Knab, Carnegie Inst. Wash. Publ. 159, 
1912-1917.) 



F<g. 231. l ess of mosquitoes: A. eggs of Anopheles on surface of water, X 13 
(after Howard, Fanner's Bull . 155. 1908). B, egg-boat of Cuter floating on 

water, about x 6. 


Species of Anopheles, Culcx . Culiscta , and Mansonia , which are 
common in warm climates, lay their eggs on the open surface of water 
or attach them to some partially submerged object. Species of Aedes 
ami Psorophora, on the other hand, lay their eggs out of water in 
places likely to be submerged later, e.g., in dry depressions in the North 
that will be filled with melted snow the following spring, in dry depres- 
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,„lidly f TO ™ tto~l£ "" "SS t0 desiccation ad do lose 
In such cases the embryo 'V'‘ hin ,h R ^" j#lcnc ^ a | mos , with the 

Kr^^ 

ronment by laying their l " ‘ l " u w | u . rc water is plentiful. 

,„ , single mass. a. is tl.c l,a„ of -Jg-O*, ,„ J.bet 

TXT. SLWB’ni »<*» - «*.*—■*•" “ 

similar adaptation. . v „i ( ...ti niI breeding places are 

The vagaries of <h,.cren« species " c „ m ,„„,. ,„ all is 

discussed on the following { in the presence of water, 

the fact that the eggs do not hatch 1 1 W eH known as 

Larvae. The *-** ««> «* 

wrigglers or wig^o-ta; s (I ^ a U . list |, „f 8 to 15 or 

almost microscopic - £ hairs on the ho.ly aid the larva in 

20 mm. The bunches of <mg'^> is a rotary month hrnsl. 

maintaining a position in • , mvard ,|,e month: in cam.i- 

of stiff hairs used ^ .^ther mosquito larvae, such as 

bahstic species that uni larv. . ,!. f . •Vallininncrs” of the genus 

Toxorhijnch ites and the ^ U J " Mc s,me,ores 

Psorophora, the mouth brush 

or into strong grasping hooks for^“ 1 " i ^ 1 tt ,jJ is present on all true 

A trumpet-shaped ^I cs in which it is undeveloped, i, is 
mosquito larvae except • lar va to surface film 

used to pierce the surface him oi me 
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by means of special “valves,” and to draw air into the tracheae, for 
mosquito larvae are air breathers and make frequent trips to the sur¬ 
face to replenish their air supply. The leaflike anal gills on the last 
segment of the abdomen differ from true gills in that air tubes or 



Fig. '232. \. Larva of Culex quinquefasciatus (after Soper); H, larva of 

:\twphr!r\ mm (after Matheson); an.f;., anal gills; ant., antenna; cU i., 

cl> | i- il hairs; ti p., dorsal plate of 9lli segment; 8th 8th segment of abdomen; 
( . • >»•. mouth brush. /*.. pecten. p.h., palmate hair; siphon or breathing 

lube; sc., patch ol scales on 8th segment; th., thorax; v.b., ventral brush. 


tracheae instead of blood vesels ramify in them. They may function 
primarily as osmotic regulators rather than respiratory organs since 
tin s are always larger in mosquitoes living in saline water. In well- 
aerated water larvae can live for a long time, but they die within a 
low hours if shut in water without dissolved air. In one genus, Man - 
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sonia, the larvae absorb air from 

^ to thC 

“^f^r^ess suspended 

of the breathing tube, have a <endcno> rtaunk. organ . 

by an active jerking of tin a k c i • J ;lt the surface; 

si. „»*» ... h.b«u,l bo..- orguiiic n»«n 

some live on m.croscop.c “^" , u . r tk . animals, including 

and still others attack and devour • . Soluble and 

young mosquito larvae of the.r own aml »'M*' 
colloidal substances in 'vatei can a m> 1 in to the pupal 

The larvae shed their skins four ^ t.kc 5 days to 2 

stage. Mosquitoes of temp.«•» ' | exisU . nce . depending on the 
weeks or longer to comph t «. |ncc . o| foo d. In the mosquitoes 

species and on temperature au . r . |in |>ooU the larvae may 

adapted to take advantage ^ |1r . other hand, some mos- 

transform into pupae within - • . Larvae of most mosqui- 

quitoes habitually pass the « "i 11 — * ' but do not succeed in 

toes can live for several days on a ‘ ^ ^ emerging from 
pupating except in water. Adults usu.dh 

pupae stranded on mud. of ,|jllcrent genera, and of 


pupae stranded on mud. dillerent genera, and of 

A key for the identification of the larvae 

important American species. is u, '‘" "" tall be seen in l'ig. 2dd; it 
Pupae. The general form >1 1 1 , am l carrying its tail 

resembles a tiny lobstcr depr. . • [ <>n eepbalolliorax takes 

bent. The pair of carlikc brc.umm, a|M | is „ so d in the same 

the place of the truinpetlike tube o * . l)v ,. s Unlike the larva, 

manner except that there are "«* ‘P * , s n|llscll | ar ,-lfort to sink 
the pupa is lighter than wa « ' • ^ lik ,.,be larvae*, do not come 

instead of to rise. The P"P M * . mnvU in the roots of aquatic 

to the surface for air but P iere<- tlu <'»• 

plants with their pointed breat nng ^ during the pupal stage 

Adults. The transformation ol the dry-climate mosqui- 

may he a matter of a few hours » ^ ^ (o a ww | i# depending on the 

toes, but in most species .1 , < < “ t . lllorK c head first through a longl- 

tempcraturc. The adult "**«! ^.phalot borax. After their exit they 
tudinal slit along the hac k o t I ^ ^ ^ anc | tlry their wings 
rest a few moments on the o < I 1 * , NV itliin 24 hours, hut several 

and then take flight. They may suck »> o I 

days to a week or more flap* * <> ^ ^ |nany generations a yvur 

In warm climates most mosqui 
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as the length of the life cycle and the climate permit, probably up to 
15 or 20 for some species in the tropics where year-round breeding is 
possible. All the mosquitoes in the far north have a single brood (and 
what a brood!), but there are two types of life cycle: the Aedes type 
in which the females mate, feed, and deposit their eggs within a few 
weeks after emerging, the eggs then lying dormant until the following 
spring; and a type exemplified by Culiscta impatiens in which the 
females court and mate the first summer but have no lust for blood, 
then seek shelter and hibernate until the following spring when they 
engorge on blood, lay their eggs, and die (Frohne, 1956). 


,'br. t. 



Fig. 233. A, pupa of Culcx pi pic ns; nnt.c., antennal case; br.t., breathing tubes; 
Ire c.. leg cases: pad.. piddles; wring c.. wing case, x 10. (After Howard, Dyar, 
and Knub, Carnegie Inst. Wash. Vubl., 159. 1912-1917.) B and C, end of abdo¬ 
men of pupae of Aciles vexam and of Anopheles m. occidentals, respectively. 
Anopheles has peg-like spines at apical angles of all but last segment, and culi- 
cines have single tuft of branched fine hairs anterior to angle. (Adapted from 
Matheson, Handbook of Mosquitoes of North America, Comstock, 1944.) 


Adult mosquitoes vary to a remarkable degree in habitats, feeding 
habits, mode of hibernation, choice of breeding grounds, and other 
habits. Knowledge of the habits and habitats of particular species 
is of great economic importance, since it does away with useless 
expenditure in combating harmless or relatively harmless species and 
aids in the fight against particularly noxious ones. The measures that 
would be required to control the breeding of the yellow fever mosquito, 
Aedes acfiypti, would have little or no effect on Anopheles qtiadri- 
tnactilalus , and \ ice versa. Cutting down jungle to admit sunlight to 
water would eliminate malaria in some places but would be the best 
wav to increase it in others. In dealing with mosquito-borne diseases 
or mosquito plagues it is obvious, therefore, that the particular species 
involved should be determined and their habits thoroughly understood. 



Mosquitoes 725 

categories. 

1. A few domestic species that breed in ^ 
enter them, and feed primarily on uman Woo.d Ac lcs< M 

members of the Cute fpte. ^ than a few 

species tend to be very local. complain hit- 

hundred yards, so that people “* ^.f^t seldom see one. 

terly of mosquitoes while those a t 2*0 \ am wh|ch h#ve 

A number of species of AnojActe are *o ( ^ rf J^ faf||S in United 
been a big factor in malaria ' , in South America, and 

States, A. mecu/ipennl* ^ttadto-Ae las, is a truly 
A. gambitie in Africa, and A. sfr 

urban species. w ith man outdoors, and 

2. Species that regularly cm c m ^tact^^ ^ rjcc fio ,ds. 

may come into houses to ^ jn swamps or temporary rain pools 

in irrigation, seepage ami o * coton l ||t sht .|| s etc., near villages 

or in tree holes, axils of banana . ^ are Cii/cx larsalis in the 

or cultivated areas. I inporta i , . svll i c ll„ris group in the 

United States, Ac./cs alb^U tus and .Anop/n /e, 

Pacific Islands. A/aiwonw sPP ' ' spccies belonging to various 

in various parts of the "' orl ‘ l ‘ ickl , rs t .' m pers. hunters, fishermen, 
genera make life miserable lor i 

and porchsitters. frc . s h-wa,er marshes or in temporary 

3. Species that breed in . t ‘ ^ t . Rgs in d ry depressions, 

rain pools in meadows. The _ I floods, or high tides, 

and emerge by billions about 5 alter^ ^ ^ ^ 

Sometimes marshes average and A. taeniorhynchus. 

United States two species, - lVora blc conditions, and towns in 

migrate up to 30 or 40 miles un > ' though fortunately for 

their path may be blanketed by mo* R011I1S 
only a few days. A number <f other sp ^ ^ ^ s(|cll 

Psoropliora, contribute locally ' w< _ may als „ include the single- 

long-distance fliers. Jn this h i , | ife cyc lcs are outlined on 
brooded mosquitoes of the far North, whose > 

P* 724. .i t hroed in tree holes or water- 

4 Forest canopy mosqu.i oes 1 „ ia , grow in tree 

holding tracts of leaves, csptt 
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tops. These come in contact with man extensively only under special 
circumstances as when the bromeliad-bearing trees are planted for 
shade in coffee groves or along city streets. To this group belong 
Anopheles bellator of Trinidad and A. cruzi of Brazil, both malaria- 
carriers, and the vectors of jungle yellow fever—in South America, 
especially the gay-colored species of Haemagogus. 

Breeding places. The breeding places of mosquitoes include prac¬ 
tically any kind of water except the open sea; some species show very 
little preference, whereas others seem to be unreasonably choosy. 
There are species which breed in reedy swamps, woodland pools, 
eddies of rivers, slow-flowing streams, holes in trees, pools of melted 
snow, salt marshes, tide pools, crab holes, pitcher plants, treetop 
bromeliads, broken bamboo stems, coconut shells, or artificial containers 
from tin cans to cisterns and flooded basements. The species of 
Mansonia breed only in pools in which certain water plants grow, 
especially water lettuce ( Pistia ) or water hyacinths. 

Some species breed only in pure, clear water, others prefer filthy 
water; some breed only in sunlit water, others only in the shade; some 
demand quiet water, others breed only in flowing streams. Sometimes, 
of apparently similar pools, some will produce vast numbers of mos¬ 
quitoes whereas others are left uninhabited: for the most part nobody 
knows why. Attempts have been made to correlate the preferences 
shown by mosquitoes with food, acidity or alkalinity, oxygen concen¬ 
tration, dissolved solids, etc., but with little success. The complexity 
o( the problem is great, for odors may attract or repel the females 

irehing lor places to lay eggs; substances in the water may be directly 
n ur.ons to the larvae; or, what is probably usually the dominant 
i: ' r. the quantity or quality of the food may or may not be suitable, 
t mosquito larvae, however, are able to use a considerable variety 
ocis. though living organisms are usually preferred. Barber suc- 
c n.'h! reared certain larvae on algae, bacteria, or ciliates alone. 
Biolc.g-.cai control ol mosquitoes may eventually be possible, but so far 
only the surface has been scratched. 

iMigrution. As already noted, the distance mosquitoes travel from 
th»dr breeding places varies greatly with the species; knowledge of 
this is of great importance in connection with control. Aedes oegypti 
in cities and A. poh/ncsicnsis in jungles are examples of species that 
seldom stray more than 100 yards from where they were bred, and 
members of the Culcx pipiens complex not much farther. When mos¬ 
quitoes are complained of in cities, a breeding place can nearly always 
be found within a block, and often right on the premises. Most Anoph - 
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eles make nightly migrations hut seldom appear in appreciable num¬ 
bers more than half a mile to a mile from their breeding places; a few 
species are known to migrate up to 10 miles. The yellow fever-carry ing 
Haemagogus of South America travel at least 4 to 6 miles. Aedes on 
northern prairies are attracted by moving herds of animals and may 
follow them for many miles. Salt-marsh mosquitoes, however, are the 
only really migratory species, sometimes going 30 to 40 miles from 
home (sec p. 72-5). A. aegypti is annually carried inland from the 
Gulf Coast by trains and busses and to northern ports on ships. Hawaii 
originally had no mosquitoes, but three species. Culex quinquefasci- 
at us, Aedes aegypti , and A. albopictus, have been introduced with 
sailing vessels. In 1930 the deadly African malaria transmitter. Anoph¬ 
eles gambiae , was introduced and established in Brazil, as it was some 
years earlier in Mauritius and the Seychelles and later in Egypt. 

By no means are all mosquitoes nocturnal. Aedes aegypti and most 
others of the subgenus Stegomyia , c.g.. the A. scutellaris group, are 
diurnal, though most active in early morning and late afternoon, or m 
dense shade. Numerous forest-dwelling species, and northern species 
that live where the nights are too cold lor them, are also diurnal. 
Most Anopheles and Culex. however, seek food at dusk or night. Here 
again a knowledge of its habits may aid in intelligent avoidance of a 


disease-carrying species. , 

Food habits. Heretical as it may sound, mosquitoes feed mainly 


on plant juices, honey, etc. l’hilip found Howes. c.« gold.-uroil to 
be good collecting places for all but Ami,>/«/<* mos.potoes. All adult 
males are strictly vegetarians and some females are also. e.g.. o\or opt- 
chiles ( —Megarhinus), which, however, is strictly cannibalistic on 
other mosquito larvae in its larval stage. Some lei,.ales, although also 
feeding on nectar, etc., are bloodsuckers, am smm nqum 4< J 
before they can lay fertile eggs. Dining on blood is not. how. xvi a - 
Wav a neeessarv nrelude to maternity; a dome-«tio «iti u ‘ ' ° 


oviposits without the 
iis species 
s intlis- 


way a necessary prelude to in 

Culex pipiens, C. molest us, is autogenous, i.e., «»'»P 
need of blood meals. Boubaud bred twenty generations ot 
without ever allowing the adults to feed at all. N,ni “ 

criminatcly attack any warm-blooded or even c»l» ’ 14 ' 

others show strong preferences. Aedes sp>nctiii «» «"ii noi 
Prairies flies towards any large object which its .nst.net leads it 
suspect as a source of food. The importance of va.ions '[Kt 
Anopheles as malaria transmitters (see |»p * >* * *- 1 ' ' ,u s * * 

on the extent to which they choose man as food. ,N " . . 

biae is more dangerous than quadrimaculaius and '/"*/< mm 
than punctipennis. Anopheles gambiae is one «>l t »c ' s l” c " s 
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ing a strong preference for human blood. Aedes aegypti shows no 
distaste for man but readily bites other mammals, birds, and even 
cold-blooded animals. 

Hibernation. The method employed by mosquitoes for passing the 
cold or dry seasons varies with the species. Many mosquitoes of tem¬ 
perate or tropical climates hibernate or pass the dry season as adults, 
the females stowing themselves away in hollows in trees, caves, crevices 
in rocks, cellars, barns, etc., to come forth and lay their eggs in the 
spring. A few species hibernate in the larval stage; Wyeomyia smithii 
larvae become enclosed in solid ice in the leaves of the pitcher plant 
in which they live. Most hibernating larvae retire to the bottom of 
their breeding pools during cold weather and do not survive freezing. 
Many temperate- and warm-climate mosquitoes and the northern 
Aedes pass the unfavorable season in the egg state, which may be 
looked upon as the common method of hibernation. Most Anopheles 
survive the cold season either as adults or as larvae but usually not as 
eggs. 

Length of life. The length of life of mosquitoes varies with the 
species and the sex. Male mosquitoes seldom live more than 1 to 3 
weeks; their duty in life is done when they have fertilized the females. 
Paradoxically, the more favorable the conditions the shorter the lives 
of the females. They die soon after all their eggs are laid; with plenty 
of blood meals and readily available breeding places this may be only 
3 or 4 weeks, whereas under less favorable conditions it may be 
several months. 

Classification 

More than 2(X)0 species of Culicidae have been described, the ma¬ 
jority of which belong in the tropics, although the north is rich in 
individuals; over 120 species have been described in the United States 
and Canada. There are two subfamilies, the Corethrinae and Dixinae, 
" »th a short nonpiercing proboscis, and a third subfamily, the Culicinae, 
inc luding all the true mosquitoes. The further divisions into tribes and 
genera are shown in the following key, which is provided for the 
identification of the genera found in North America and of the more 
common or important species: 

Ivey to Adults of North American Genera of Mosquitoes, 

" itb Notes on Commonest Species 

I. I ribe Sahetliini. Post no turn (Fig. 234. postn.) with tuft of setae; 
tropical, non blood suck ing species, breeding in water-holding plants; 
two wide-spread species in North America 

Wyeomyia smithii and W . haynei 
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II Miinr metallic, with underside 

hcad si,vcry 

, ssfxr-ss 

fejsswastss^ 1 .:*» 

(Key to 11 North American species or * "* '\L |y 


la. Second marginal ce» C*£ 

long as petiole; palpi sih» i.rreding mosquitoes) 

(Small, tropical nonbitmg. 1*• * ^ ;|S l>c tiole ( Fig. ,5 W - 
lfo. Second marginal cell ovei h. ; 0;J4A) s j zc large; metallic 

2ci.Spirac.lar bristles present < * «* 3 

colors present or absent mc<li «m or small; no metallic 

2b. Spiracular bristles absent. 4 

colors , . . 234A); large; not metallic 

3a. No postspiracular hr.stles (l't-- < 

. i vector ol Ll*t' 

(C. melauura. small, dark, 0 ' n wings, unstriped legs. 

(see p. 752); C. *£*£££,&. an Alaskan pest) 
common on west coast. 
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3 b. Postspiracular bristles present; size usualy large; metallic colors 
sometimes present Psorophora 

(One species, P. ciliata, is largest mosquito in the United States) 

4a. Fourth segment of front tarsi very short Orthopodomyia 

(Tree-hole breeders, mostly in tropics. The one species in the 
United States has thorax with 6 narrow white lines and striped 

legs) r . . K 

4b. Fourth segment of front tarsi normal o 

5 a. Female with tip of abdomen truncated or blunt (Fig. 234G) 6 

5b. Abdomen of female pointed, with exserted cerci (Fig. 234F); 
eggs laid singly out of water Aedes 

(Three main ecological groups: (1) tree-hole breeders ( Stego- 
myia), from which A. aegypti was derived; (2) salt- or fresh¬ 
water marsh species with successive broods; (3) single-brood 
species breeding in spring pools from eggs laid previous sum¬ 
mer. ) 

Common North American species: 

(a) aegypti; black with white striped legs and abdomen; black 
proboscis; lyre-shaped mark on back of thorax. 

(b) Salt-marsh mosquitoes; sollicitans and taeniorhynchus with 
white band on proboscis, sollicitans brown with median 
stripe on abdomen, taeniorhynchus darker, abdomen barred 
black and white; cantator with less prominent leg bands 
and no stripe on proboscis, confined to Atlantic coast. 

(r) vexans; fresh-water marsh and floodwater breeder; thorax 
bronze, abdomen black with white stripes; tarsi with very 
narrow white rings; widespread in United States and 
Canada. 

(d) dorsalis: in salt marshes and on western plains; tarsi white- 
ringed on both ends of joints; abdomen white-scaled, with 
two black patches on each segment; northern United 
State s and Canada. 

(c) spring poo!-breeders: numerous species, without the combi¬ 
nation of characters of above species 

(A. communis (in woods) and A. punctor (on tundras) 
especially common in Far North, and A. canadensis in east¬ 
ern United States and Canada) 

Fern ale abdomen truncated: palpi of female usually one-fourth 
ns long as proboscis or longer; wing scales large and broad 

Mansonia 

(Vicious briers in New World tropics, especially A/. tit ilia ns, 
which reaches southern Texas and Florida; 1 species. A/, per- 
turbans . widely distributed in North America, has white-striped 
abdomen and legs, yellow band on proboscis.) 

6fr. Female abdomen blunt (Fig. 234G); palpi less than one-fifth 
as long as proboscis; wing scales narrow Culex 

(a) Brown species with proboscis and legs unstriped; abdomen 
with distinct white bands; common in and about houses; 
pi pie ns and territans in north, quim/ucfasciatus in south. 

(b) Similar, with very narrow or no bands on abdomen; breeds 



IV. 
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in marshes; less domestic; salinarius in eastern United 

(c) Proboscis with white band; abdomen and legs white- 
' striped; breeds in ground pools, seldom enters houses; tar- 
salis in western United States. 

Tribe Toxorhynchitini. Postnotum without setae; scutellum not 
lobed- proboscis rigid, down-curved; large, brilliantly colored non- 




Identification of Larvae of Common or Important 
Nortli American Species 

of palmate hairs notched at tip 


o.c. 


I X. 


crucians 


frecborni 


crucians 

crucians 





quadrimoculatus punctip*nn.s 

Anopheles larvae 



Hfl. 235. Details of North American 
A, head, showing hairs; i.e., inner < 1> pea Ml,N * ° 
pectens. C, fourth abdominal segments showing hair ^ 
the palmate hair). D, clypeal region of various *pcoc 
and Roberts, Mosquito Atlas i.) 


to 


illustrate key. 
outer clypeal hail'. II. 
0 . 2. -3, and •/ (hair / is 
( Adapted from Ross 
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2a. Both pairs of anterior dypeal bristles slightly feathered; leaflets of 
palmate hairs narrow, pointed; palmate hairs on all of first 7 
abdominal segments, those on first small albimanus 

2b. Both pairs of anterior clypeal bristles simple; leaflets of palmate 
hairs narrowed to slender point at tip; palmate hairs rudimentary 
on first and second segments, all about same size on other segments 

pseudopunctipennis 

3 a. Inner clypeal hairs close together at base 4 

3 b. Inner clypeal hairs separated at base 9 

4a. Inner clypeal hairs forked beyond middle; in northern United 
States and Canada, west to continental divide maculipennis earlei 
41). Inner clypeal hairs single 5 

5«. Palmate hairs well developed on only 3 segments (4—6); south¬ 
eastern United States crucians georgianus 

5b. Palmate hairs well developed on 5 segments (3-7) 6 

6 a. Pec ten with no more than 2 or 3 small teeth between long ones 7 

6b. Pecten with 3 to 5 small teeth between long ones 8 

7 a. Hairs 0. 2, 3, and 4 on 4th abdominal segment all well-developed, 
branched crucians crucians 

7b. Hair 0 very small, hair 2 usually single crucians bratlleyi 

Ha. Posterior clypeal hairs double; antepalmate hair (2) double or 
triple jmnclipennis , maculipennis freeborni 

HI). Posterior clypeal hairs multiple, antepalmate (2) of fourth abdomi¬ 
nal segment usually single; on west coast occidentals 

9a. Antepalmate hair (2) of 4th abdominal segment usually single: 

southeastern United States quadrimaculatus 

91). Antepalmate hair (2) of 4th abdominal segment multiple; central 
valley of Mexico maculipennis aztecus 


f' iiH eine I.arvae. Breathing siphon present (Fig. 232.4). See Fig. 236 
for other anatomical details mentioned in key. 

\<i. Breathing siphon spinelike at tip, used to pierce air channels in 
roots of a«|uatic plants; larvae do not coine to surface Mansonia 
\b. Breathing siphon normal with movable apical valves 2 

la. Anal segment with ventral brush composed of only 1 pair of hairs 

Tf'yeomyia 

2 ’>, \nal segment with ventral brush composed of several pairs of 

hairs 3 


Vi H 


• a 


•to. 


an 


Siphon without pecten; anal segment ringed by chitinous band; 
chitinous plate on eighth segment also 4 

iphon witli pecten 5 

Month brushes modified into coarse prehensile lamellae, hooked 
!« i seizing prey; plate on 8th segment with 2 spiny hairs; in tree 

Toxorhynchites 

Mouth brushes normal; double row of stout spines on 8th segment; 
in water-holding plants or tree holes Orlhopodomyia 

Siphon with several pairs of ventral tufts: anal segment ringed; 
siphon usually at least 4 or 5 times as long as wide Culex 

a Antenna with tuft at or before middle; all but one of ventral 
tints of siphon represented by single hairs territans 

a Antenna with tuft well beyond middle; several tufts on siphon b 
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siph .—prJlr 


ts.h.t. 




W 



I 


1 


t I w l.rvac to illustrate key. (Adapts* 
Fig. 336. Details of Stmetme of CO K ^ ^ ; portion of larva of 

from Dyar, Carnegie '»'< "«,/, eighth segment; anal 

Culex qulnquelascimus; , (il l0 mpletc ring in tins and man 

gills: rf.f,. dorsal bn.*; * "~\ pa.eh of spines on v.gl.t h 

other species): )>., pt-ten «_»«"»*• posterior end. J, 

segment; s.li.t.. siphonal hair to »• - j m i.f. nv. posterior end. > 

Unmntuenia upphMuu. poster" 1 ' • , 'c.rabhamin) eonfi.inis. head. .. '' ' 

Psorovhora cilia,a. head. 0. ., s rot ,„l„j,u M.'s i .. 

vhora (C.mbhamtn) amfinuk. P ,, ' UI . w ,. ( .„ r l,i», 1 s) seiilc.Hrioii.il>'. po-le- 

Utentrionnlis. head. 9. To***-*«• >^^ ... .-ms. 

posterior end. 12. Cider «./»"■',. nd . J5 . Aedes ennade..™. head, 

end. 14. Aedes lacnw,hy«bus. 1"' 

J6, Aedes dorsalis, head. 
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1 


6a. 

6b. 

la. 

lb. 
8 a. 


b ' 
b " 
<f 
c" 


salinarius 


c 

tarsalis 


Siphon 7 x 
Siphon 5 x 1 or less 
Siphon with 5 hair tufts, all in line 
Siphon with 4 hair tufts, third out of line 

pipiens and quinquefasciatus 
5b. Siphon with a single pair of ventral tufts 6 

Spines of 8th segment attached to posterior margin of a chitinous 
plate Uranolaenia 

Spines of 8th segment not attached to a chitinous plate 7 

Hair tuft at base of siphon; spines of distal part of pecten produced 
into long hairs Culisela 

Hair tuft near middle of siphon or beyond; pecten of short spines 8 
Anal segment ringed by chitinous plate, and ventral brush partly 
inserted into it; in temporary rain pools Psorophora 

( a) Mouth brushes prehensile; antennae not projecting anterior 

to head; predaceous; very large subgenus Psorophora 

In North America two spp., ciliata and hoivardi. 

(b) Mouth brushes normal, and antennae large; size smaller; sev¬ 
eral common United States species subgenus Grabhamia 

Anal segment not ringed, or if ringed, ventral brush posterior to it 

Acdes 

a' Pecten with teeth detached outwardly; antenna spined all over; 
siphon 3x1 vexans 

siphon 2 /* x 1, on northern prairies spencerii 

a” Pecten without detached teeth b 

b' Comb scales 8 to 12. in a single row; anal segment not quite 
ringed; head hairs all single; anal segment short aegypti 

b" Comb scales in triangular patch c 

c' Anal segment ringed J 

c" Anal segment not ringed e 

d ‘ f !P. hon J ,bout t 2 * 1 sollicitans 

(l Siphon less than 2 x 1 taeniorhynchus 

c Anal segment nearly twice as long as wide; head hairs single 
or double; anal gills large, stimulant; anal gills very small dorsalis 

c Anal segment about IVfe times as long as wide; head hairs 

multiple canadensis 


8b. 


Mosquitoes and Malaria 

Anopheles mosquitoes are the sole transmitters of human malaria, 
which at least until recently lias ranked as the most important human 
disease in the world. Species of Culcx and Aedes, and less frequently 
Anopheles, are vectors of malaria of birds and reptiles (see p. 165). 
rhe role of mosquitoes in transmitting human malaria has been sus¬ 
pected by various peoples as far back as any records go. The steps 
winch led to the proof of it are briefly outlined on pp. 167-168. 

rile genus Anopheles contains numerous species, and thev are 
divided into a number of subgenera. The majority of the species 
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can be experimentally infected with malaria parasites, but some much 
more readily than others. There is also a difference in the facility’ with 
which certain species can be infected with different malarial species 
and strains (see p. 7-41). Mere experimental infection of an insect 
with a disease germ or even successful transmission by it under ex¬ 
perimental conditions means very little with respect to its role m 
nature. Many other factors come into play which cannot be studied 
in the laboratory and the combined effect of which can be learned 
only by extensive and carefully studied epidemiological evidence. 
A. punctipennis, for example, though a proved transmitter o uialana 
in the laboratory, is eliminated in most areas in nature by i s hab.ts. 

It is usually a “wild” species which seldom enters occupied '" S , 
and which shows a strong preference for animal oxer human. blood 
The factors xvhich determine the importance of part.cutar speces 
Anopheles as malaria vectors are discussed on pp. IM-ioa. 

Biological races of Anopheles species. A number of sp c.es o 
Anopheles, including some of the big shots ... the trans nn.s,on of 
malaria, are not uniform species but consist of a number of race . 
in some instances considered species, which show o. l ery s 
morphological differences bn. which may differ sufficu-iUb " “ 

biological characters to make them very good or very .... important 

In the northern hemisphere A. macuhpenn.s ‘ha species, 
has races which differ in such characters as the coto of.he> 
the number of teeth on the maxillae of the adults. ^ I 

choice of breeding places, hibernation and^".ngn™ 

In Europe A. m. h,branchiae, which breeds in tot fre^' 

ish water, and has wedge-shaped Mac ^ jn sollt | H .,. M parts. 

eater and was the most important m.il.u . * hr u kish water was 

A. m. atroparvus, which breeds by preference ... br. ckish x ^r, w. 

an important vector in the north and west coasts of E««>P- * ^ 

other European varietie s are ina.nlx , r ,.. ls where domestic 

sufficiently to keep malaria Roinu i«' • eradication of 

animals are scarce. With the extensive contro ■ " llilic 

the more domestic species, as in 1 Inly and bard.■•*- 
outdoors species may become ndatixa- > "»•'* '" l ; iUlcasU . m states. 

In North America. A. qua.lnmaculalus ol tne ^ ^ J# c)osc ,, y 

and the only important potential n.a aria '<.c ^ ^ sp ,. cil , s There 

related to maculipennis, but is regar. * 1 ' ^^ jn W est. cartel in 
are four subspecies of macuhpc« n,s -( ^ a ., ccus j,. the central 

the north, occidentalis on the 1 acilic ' ‘ / . are (or were) 

valley of Mexico. Of these only frccborni and 
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malaria vectors; these two have all dark wings, whereas the others 
have a lighter coppery spot at the tip of the wing. Some workers 
consider these to be four distinct species rather than subspecies of 
nuiculipennis. 

Other species of Anopheles that have races that differ in food 
preferences or other characters that influence their importance as 
malaria vectors are A. sinensis, maculatus, aquasalis, pseudopunc- 
tipennis, gamhiae, funestus, and punctulatus. In the United States 
pseudopunctipennis feeds almost entirely on animals and is practically 
harmless, but in mountainous regions from Mexico to Argentina it is 
a man-biter and is the principal, in some places the only, malaria 
vector. 

Identification of Anopheles. The Anopheles mosquitoes fortu¬ 
nately are fairly easy to identify in all stages of their development. 
The different species vary a great deal in choice of breeding places, 
habits, and appearance, so that it is necessary in any malarial district 
to determine which species are malaria carriers, how they may be 
identified, where they breed, and what their habits are. The majority 
of the species have mottled or spotted wings, and the arrangement of 
the markings is usually a good means of identification (Fig. 238). 

Figure 237 is a comparative table which shows in a graphic way how 
Anopheles may ordinarily be distinguished from other common mos¬ 
quitoes, such as Culex and Aedes , in their different stages. The “floats 
on the eggs of Anopheles are rarely absent; their size and markings 
sometimes serve as means of identification of species. Owing to the 
effects of surface tension the eggs of Anopheles tend to assume geo¬ 
metrical patterns on the surface of the water. The larvae, besides 
the absence of a breathing tube and their horizontal floating position 
at the surface of the water, have other identifying features such as 
the rosettelike palmate hairs on some of the segments, which serve to 
hold the larvae in the characteristic position by surface tension. The 
species of Anopheles larvae are sometimes very difficult to identify, 
and reliance must be placed on the form, number, and distribution of 
characteristic hairs. A key to the American species is given on p. 738. 

The pupae have short and more flaring breathing tubes than those of 
Aedes or Z’ Jcx, the paddles at the end of the abdomen have an acces¬ 
sory hair in addition to the terminal one, and all but the last abdominal 
segment h.*ve peglike spines on their posterior corners (Fig. 233). 
The pupae of some of the American Anopheles can be identified by 
coloration (Burgess, 19-46). The adult Anopheles are usually easily 
distinguishable bv the resting position, with the proboscis, thorax, and 
abdomen all in a straight line and at an angle to the resting surface, in 
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contrast to the parallel or drooping abdomen and humpbacked appear¬ 
ance of culicines, but some of them, e.g., A. culictfacies of India, 
resemble the culicines in resting position. A. barben is more cuhcine- 
like than are other North American Anopheles ; it rests at only a slight 
angle to the surface, whereas punctipennis appears almost to stand on 
its head. Most Anopheles have the wings marked with dark or light 



Fig. 238. Wings of North American Anopheles. A. quadrimaculatus; B, punc- 
tipennls; C, pscudopunctipcnnis; D. crucians; E, alhlmanus. (After Ross an 
Roberts, Mosquito Atlas, 1.) 

spots or both, but even this is not constant, since a few culicines have 
spotted wings and a few Anopheles , e.g., A. atropos , A. barberi , and 
A. walkeri, have unspotted ones. The long palpus of the female is a 
character which can always be relied upon. 

Following is a key for the identification of the North American 
species north of Mexico, with comments on their distribution and 
importance: 

1 a. "White-footed" species with hind tarsi having last 3Vo segments all, 
or nearly all. white: wings marked with both black and white spots. 
Several species in tropical America, several being very important 
malaria vectors. Only species reaching Texas and southern Florida, 
and most important vector in West Indies and Central America 

alhimanus 

1 />. Dark-legged species without white stripes or areas on legs 2 

2a. Wings not spotted, or spots indistinct 

(1) No white knee spots; inconspicuous rings on palpi; Gulf and 
Atlantic coasts, breeding in salt water; coloration very dark 

atropos 

(2) With narrow rings on palpi; eastern United States, breeding in 

freshwater marshes; white knee spots; not important tcalken 
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(3) Small; dark palpi; no white knee spots; breeds in tree hol« ^ 

3 

lb. Wings not uniformly colored 4 

S «£. margin (Fi, 238C. # 

4a. Apex of wing uniformly colored, dark, only 

in United States R^Ujes. mac,.tiro-ms freeborm 

\ in north states, m. erir/ei 

4b. Apex of wing with coppery spot ^ Pacific slope. m. occidentalis 

5a. Only 1 white spot on costal margin, at tip of ( * crucians 

vein with 3 black spots costal margin involving 3 veins. 

5 h. A large yellow spot on outer tl ( . • ». f r j ni * c nearly all dark; 

another at tip. and another in , • ,s • ' .->330 punctipcnnis 

extends farther north than most >P» ‘ 14 * j r i n gc ol wing alter- 

5c. Four yellowish white spots along ‘ I’nitcd States t“ Argentina; 
nating black and white; ^'^^pal transmitter in 

not important in the t nit* • • nscudoimnctiiicnnis 

mountains from Mexico to Argentina » 

Habit* of Ano^e, 1 ? ££ 'dUes. 

such as ponds, swamps, edge s this is not true everywhere. 

Our species all breed in standing •' * mnor , aI1 t species breed in 
In Europe and Asia some ol F * a ,„,. r ,. nt methods for their 

flowing streams, which water, some in shaded water, 

control. Some species breed m • ^ ,.„ ntailK . r , around houses, 

some only in sunlight, and a b • \ nM is 0 f leaves of brome- 

Members of the subgenus Kcrtcszui >ri '‘ . , v s j, ow m „cb more pro- 

liads growing on forest trees. * M,K * ,,to/»/.v, formerly the 

nounced preferences than others. • j s one of the least 

principal malaria vector in the >«'» jor i|v breeding arc afforded 

particular species, but optimum « m.c variation and abundant 

by clean, open water with dense a.p * tlu-rebv decreasing the 

floatage. Natural shade restricts tin- bat.«»n. 

protection and food of the |ropica | America. A. functus 

Shade-loving species arc A. <1 - ! ja w | ierea s A. albinuinus 

of Africa, and A. umbrosus of south )f Afr|ca> all d A. bar- 

and aquasalis of tropical America. - ~ |n Malaya the cutting 

blrostris of Asia breed only m s '"" osure of sluggish water to 

down of jungle in the flat l.m* ** • , IS to bnrbiroslris . with a 

sunlight changes a dominance o arc . opened up and 

reduction in malaria; but when *' ,I ' I,K S i ex p OS ed to sunlight, 

the sparkling streams cleared of vegv• ^ ^ ()o . l(|1> . ma culatus 
the harmless jungle species < ,sa ' , > | 0 ‘. alities directly opposite con- 
takes their place. Thus in the 
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ditions determine the presence or absence of malaria. A. stindaicus y an 
important malaria carrier in southeastern Asia, breeds in strongly 
brackish or even concentrated sea water, as in the holes of mud lob¬ 
sters or in sea water pools inside the reefs of coral islands. A. bellator , 
an important vector in Trinidad, breeds in aerial plants in trees planted 
to shade cocoa groves, and both this species and A. cruzi breed in 
bromeliads in forest trees in southern Brazil, and sometimes even in 
trees in towns. 

The eggs of Anopheles are not as resistant to drying as those of 
Aedes, but will survive for as long as 3 weeks on drying mud, and even 
the larvae can live on moist mud for some time. The eggs hatch only 
in water and at temperatures above 6(TF.; under favorable conditions 
they hatch in 1 to 2 days. The larvae are surface feeders; they seem 
to feed on any particles floating on or near the surface which are small 
enough to swallow. Anopheles larvae are not rapid in their develop¬ 
ment as compared with some mosquitoes; the time required under 
favorable conditions is 2 to 3 weeks or more. The number of genera¬ 
tions a year probably varies greatly with the species and conditions of 
food and temperature. It has been estimated that A. quadrimaculatus 
has 8 to 10 annual generations in southeastern United States. 

Adult Anopheles arc for the most part twilight feeders; but there 
are many exceptions. Some species come forth with the first shade 
of late afternoon, others not until almost dark. A few species, e.g., 
A. hrasiliensis , are diurnal; many forest species will bite willingly in 
the daytime if disturbed. The food preferences of adult females and 
their important bearing on malaria transmission have already been 
discussed. An important observation made by Boubaud is that the 
adults, at least of A. mneulipennis, fly out into the open and invade 
other houses or sheds even if there is an abundant food supply where 
they have been resting after an earlier meal; as a result the Anopheles 
pop'll ion of any spot is entirely changed in a few days; this flight 
i-i the open seems to be indispensable to the life of A. maculipennis , 
uid it also has an important bearing on malaria transmission. Mos¬ 
quitoes do not suck blood daily; usually blood meals arc taken at 

intervals of several davs. 

* 

Most Anopheles are rather sedentary in habit and seldom fly in 
numbers more than a fraction of a mile from their breeding places, 
although A. albimanus is reported to fly at times as far as 12 miles 
from Catun Lake in Panama. Abundant Anopheles , nevertheless, 
usually indicate breeding places within a mile. 

Anopheles hibernate either as adults in protected buildings, caves, or 
tree holes, or as larvae which bury themselves in mud or under debris 
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at the bottom of water in ponds or marshes. The eggs do not live 
through cold winters. 

Malaria-carrying species. More than 200 species of Anopheles 
have been described, and a large percentage of them have been 
shown to be capable of transmitting malaria experimentally but only 
about two dozen of them are important natural vectors of malaria, and 
some of these only in limited areas. Often the habits of the species, as 
already shown, are of more importance than the ability to transmit 
the disease under experimental conditions. The difference in ability 
of some species of Anopheles to nurse one species or strain of malaria 
more readily than another still further complicates the task of e\ abl¬ 
ating the roles of different species, for a certain spee.es of Anopheles 
may for this reason be an important transmitter ... one place and not 

an The er 'methods used in determining the importance of particular 
species are various. The most valuable and reliable criterion n. tl c 

relative number of individuals with infected salivary g'ands fo n d m 

malarial houses. (For methods of dissecting <»r ’ 

stration of oocysts and sporozoites, see HarUr and >u. • * 1 

plementary information is obtained by ... breed , a 

feeding habits (aided by precipitin tests) relative alum anu and 
coincidence with outbreaks of the disease and ex ,hi .mental trails 
mission in the laboratory. .. , , 

In the United States, until 

liscase about 1952, A. qtmlrmiaciiltiht < - .. ri... 

V. m irrrhnrui in the arid west were the only t .nt The 


in Mexico 


-di.-'" 

Trinidad the bromeliad breed, r M „.e highly 

itl* flu* interior as \mu > ,s .. , . 


disease 

A. m. freeborni in the arid 

principal vectors in other parts ol the wmh •"< < ° ' . .. 

pseudopunctipcnnis on western slopes, nun nhpe .. - - 

central valley, and quadrinuu n,a,ns and . . bnniid coastal 

areas 
in 

south latitude 25 in the interim 

domestic shade breeder, thirlinui, and •>" sontnoiii 

ing in sunlit bruckisl. water, and o olorse ' """ I,. ( |„. \„de.m 

Brazil, the bromeliad breeders, bclhlor and . ( ^ ^ 

region, pse 
pennis, especi 
brackish and 
breeding 

water marshes, and clavier in ma.s.«> ; ."/ . u anc | 

Zambiae and mclas, breeding in sunlight, am /»"" s - uvrulls species. 
Pharoensis in upper Egypt and Sudan; in Imli. 


the coasts tiqmistilis, breed - 

thern 


eudopundpennis; in western ... c-er a; - 1 ' 

specially iJbranchiae and n'rop.neus w ... h ' " ' h 

ind fresh water; in the Halkans and IxU - h- , " 
in flowing water in 

rshes sinrl daciacr in inarshts. ci . .1. .....I 



742 Introduction to Parasitology 

particularly culicifacies (principal vector in Ceylon), philippinensis, 
stephensi (and urban species breeding in man-made containers), 
varuna, sundaicus, minimus, and fluviatilis; in southeast Asia the last 
three of these plus aconitus, maculatus, latifer , and annularis; in China, 
Japan, and Korea, htjrcanus sinensis, minimus, and pattoni; in Borneo, 
leucosplujrus; in the South Pacific and Australian region, farauti, punc- 



Flg. 239. Anopheles quudrimaculutus , in former days the principal malaria 
transmitter in southeastern United States. 

tuUitus, and koliensis (but only in islands as far east .as the New 
Hebrides; the oceanic ones farther east have no Anopheles). These 
pecies account for the majority of malaria in the world, but many 
other species also contribute and may be locally important. 

i he ellcet of anti -Anopheles campaigns on the prevalence of malaria 
is discussed in Chapter 8. pp. 190-191. 


Mosquitoes and Viruses 
I. Yellow Fever 

1 here are very numerous animal viruses that multiply in arthropods, 
and in most cases are transmitted by their bites. Ticks and mosquitoes 
harbor especially large assortments. Most, if not all. of these arthropod- 
borne viruses exist primarily or primitively in wild birds or mammals 
and are transmitted among these by sylvan or “wild” vectors. Infec- 
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tion of man or domestic animals may be purely accidental and sporadic 
or once transferred, these viruses may be spread extensively by the 
2 JTS other vectors, causing local or widespread epi-ot.c-mong 
domestic animals or human epidemics. Sometimes. e*. yellow few 
and dengue they become entirely divorced, temporary at least, from 
their sylvan origins, just as happens in the case of-the 

are primarily zoonoses. Until recently > i- ( „ •• „ n ,l it still does 

example of an infection that leads such a double life, and it 

in Africa. ... Once a scourge of most of 

t he H We 0 stern a HemrspTe e re°yellow fever is now■’ to Crested areas 

preSin theTlood and IvaJabl'e to mosquitoes or*'for 3 ■ ( i days 
the bones and fever The latter su >s “ J s ^ ^ W||ck vomit of blood 

rarar—rs* * «■*as 

apparent cases in children m t ective vacc ine is 

antibodies in the serum. A lug , t . in rllra l South 

available and has been used on a 'er\ larg 

America and in West Africa and for troops in endemcarets. ^ ^ 

The discovery Cm Lission composed 

illustrious work of the American i Conor (1937) 

of Reed, Carroll, Lazear. and Agramonte code. » £ 
called the "Dark Age" of yellowever and,beg of disease 

during which so much progress • have been completely 

that for a few months in 19-7 it T . r une the “Age of 

eradicated from the Western Hemisphere T 'Xw fever exists 

Disillusionment," with the dramatic revelation that 

in a jungle form, usually silent and ' A ‘He, all Ko^t 

tropical America, a situation later oum ”“ kilir|y spillcr monkeys, 
animals serve as sylvan resers of , >rimates from the 

howlers and Cebus in America, . • However, because 

tiny bush-baby (galago) to thej mos , American monkeys, 
of the high mortality from Opossu.ns and some other 

other reservoir hosts tropica i America the jungle 

animals are known to be succp« //„cnmg„guv, that live and 

vectors are mosquitoes, mostly « ,g a«/« W»‘>i is •«*««">• 

breed in the forest canopy. llt,K ; nn i v amom » 

absent from small native villages, human cases occur only among 
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people actually working in or near the forests, especially in felling 
trees, and direct transmission from man to man does not occur. A 
few other mosquitoes, especially Aedes leucocelaenus and species of 
Sabethes play minor roles. 

In Africa, unlike America, Aedes aegypti is an almost universal 
inhabitant of small native villages and is a common yellow fever trans¬ 
mitter in them. Among monkeys in forests the infection is transmitted 
mainly by A. africanus , a mosquito that bites at dusk and breeds in 
rock pools. A. simpsoni , a day-biter that breeds in axils of leaves, 
especially of bananas, transmits the disease from monkeys to man in 
clearings and plantations. 

In the Americas, when persons with yellow fever enter a town or 
city where Aedes aegypti is prevalent, the disease changes from a 
sporadic to an epidemic form, and then spreads from city to city. 
This was the only kind of yellow fever known prior to about 1930. 
In the nineteenth century, even in such places as Philadelphia and 
Boston, great epidemics broke out late in the year after A. aegypti , 
imported on sailing vessels in which they found abundant breeding 
places, had become numerous. The toll from yellow fever during the 
French attempt to build the Panama Canal was appalling. 

Before the transmission by A. aegypti was discovered and means of 
control understood, epidemics raged in tropical cities until a high per¬ 
centage of people were either dead or immune, and in temperate 
cities until frost stopped the mosquitoes. The last outbreak in the 
United States was in New Orleans in 1905, when for the first time an 
epidemic was stopped by intelligent human effort. No urban outbreak 
of yellow fever has occurred in the Americas since 1933, although small 
aegypti-transmitted outbreaks have followed jungle outbreaks several 
times. The jungle outbreaks tend to shift from place to place. After 
10 years' absence, jungle yellow fever suddenly struck Panama like a 
bolt from the blue in 1948, and then progressed wavelike through the 
forests ol Central America to Southern Mexico, invading the land of 
the ancient Mayans as it presumably did periodically in pre-Columbian 
times, beloro Aetlcs aegypti entered the picture. In 1954 jungle yellow 
fever struck Trinidad also. 

It commonly requires 10 to 12 days for Aedes aegypti to become 
infective alter becoming infected at high temperatures. Transovarial 
transmission does not occur, but larvae exposed to liquid containing 
the virus develop into infective adults. In order to keep an epidemic 
going it is necessary to have a fairly high incidence of A. aegypti. 
K\cn where there are many nonimmunes an epidemic subsides when 
the aegypti index, i.e., the number of premises on which it is breeding. 



745 


Mosquitoes 

falls below 5%. It is doubtful whether an epidemic would start if, 
by inspection and anti-aegypti work, the index were held to - or 3/e, 

as it can be without too great difficulty. 

Because of the prevalence of Aedes aegypli in places like India, 
Malaya, or Australia, where there are enormous non.mnu.ne popu a- 
tions, introduction of yellow fever by modern airplane traffic 
in man or moscp.itoes, is a great menace. Southern United S at 
would also be in danger if the Aedes oegyp/i population was P‘ ‘ 
to thrive as it did at the beginning of World War II. ndia 

reliance is placed on fumigation or spraying of boats 
strict quarantine of individuals coming from endemic •foas .i our 
own country dependence is placed on fumigation, focal ae^> Jcontool. 
surveillance of exposed persons, and availability of v-.ee» o « ole 
populations if a case should appear Con ml of A. 
infected countries is important in order to lessen the dang, r of rap d 
Spread if the disease s,Lld get in but the South American — 

which have the jungle disease in their backyards. i' ', \Yread y 
afford to stop short of extermination on aem'menta seal. A ad 
most of South and Central America, including all of ^ 
have been cleared or is in the final Th«e is 

progress has been made in Mc'k'" an. » *' should 

-e question as to whether cx.ermfmi.am ^ 

be attempted (see below). In A n ■ - „f vellow 

exterminated from Khartoum, so there is little .1.."^ 

fever being carried into Egypt <••> >•'«’ fever in South 

llaemagogui »pp. T K S< ' ' * ‘ \ ( . (/ , , lm f have brilliantly metallic 
America are closely related to . , „ , alv V erv similar. 

colors. They lay eggs as do •'«<».. . ,| I0 females. 

I" most of the species the males 1 ^^ slllllit trw 

They arc day-biting mosquito.s • jJ., where the canopy 

tops; only a few com.; down o r . 1 or eoffee plantations 

is more or less open or at the ‘‘b- 1>r ..«.<| j„ tree holes or in 

where the sun gets through. Norm. . observed that 

axils of leaves in the tree tops. h "\^"^^ c n ow fever, can 
H. spegazzinii falco, the No. 1 ,r " ,sl " .icr-lilled hollows in fallen 
adapt itself to breeding in such P >■«£ « even 

trees, hollow stumps, cut bamboo ' ■ • Uermogogus 

in old tires and water tanks near 7 miles 

species and Aedes leucocelaenus “ yellow fever from small 

from points of release, so could dissi mu.au . 

forest oases surrounded by op™ «*'"'*** bIc of transmitting yellow 

All species of Hacmagogus tested are capa 
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fever; in nature their importance as vectors depends on abundance, 
habitat and habits, particularly as feeders on monkeys and man. From 
northwestern Brazil to Central America H. s. falco (Fig. 240), a beauti¬ 
ful mosquito with metallic blue thorax and violet abdomen, is the 
most important vector, but as the disease spreads northward into 
Mexico other species, e.g., H. equinus may take over. This species 



flcj. ?40. Ilm niatzofzus spcpazzinii falco, chief vector of yellow fever in 
‘•or*' 1 mi Sontt \ turrit a and Central America. (Drawn from a painting by 
. u . a in kiinim, Oxxiio-Moa ami HoNltell-Manriqtic, Am. J. //{/£., 43, 1946.) 

re. h *s the t ru n Bio Grande Valley in Texas but would be negligible 
as a vector i » that dry area. 

Cther than clearing forest over large areas there is no known method 
d control ot these mosquitoes, and control of jungle yellow fever in 
man depends on w holesale vaccination of populations in endemic areas. 

Ados artsy pi i. This mosquito is a member of the subgenus 
Strgomyia. which contains a group of originally tree-hole-breeding 
mosquitoes, several ol which (e.g.. albopiclus. scutellaris, polynesiensis , 
in well as aegypti have become more or less domestic and have 
adopted man-made containers as breeding places. Aedes aegypti was 
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long known in medical literature as Stegomyia fasciata. It is a small 
black species, conspicuously marked with silvery-white on the legs 
and abdomen and with a white lyre-shaped design on the thorax 
(Fig. 241). The female has very short palpi which are white at the 
the tip. The wings are clear and somewhat iridescent. 



rig. 141 . AcJc, acaypti 9 . and head of d. (After Sopor and W.lson. /• Na'l. 
Malaria Soc., 1 , 1942 .) 


Aedes aegypti is a "pet" mosquito, as domestic as a rat or a roach 
It is almost never found more than a few hundred feet f-m u , 
habitations, and feeds readily on human blood. Lons [ a "" l,ar, *> 
man has made it an elusive pest. Its stealthy attack fern, hoh nd or 
under tables or desks; the suppression of its song; its in u ° 
behind pictures or under furniture; the wariness of its larvae a" 
these are lessons learned from long and close assoc 1.1 ion ' * ‘ 

It is a diurnal mosquito, biting principally in the morn.ng and late 
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afternoon, with a siesta in the middle of the day, but it will bite at 
night when hungry. 

Aedes aegypti lays its eggs, after a blood meal, on the sides of a 
container, at or just above the water surface. A number of batches 
of eggs are laid, 10 to 100 at a time, usually at intervals of 4 or 5 days, 
until a total of 300 to 750 has been laid over a period averaging about 
6 weeks. 



Fig. 242. Larva of Acdex aegypti, x 10. (After Howard. Dyar, and Knab, 
Carnegie Inst. Wash. Publ .. 159. 1912-1917.) 

The eggs require several days for development of the embryo, and 
then they hatch within a few minutes after being submerged. Often 
when containers are filled with fresh drinking water, larvae appear 
almost at once. The eggs remain viable in the dry state for at least 
a year, but when wetted, all may not hatch; some may require several 
wettings. Hatching does not occur readily in perfectly fresh water, 
but it is favored by presence of bacteria. The larvae (Fig. 242), how¬ 
ever, do not thrive in very filthy water such as Culex quinquefasciatus 
delights in. but will tolerate considerable amounts of acid, alkali, or 
salt. 

When disturbed, even by a shadow, the larvae swim to the bottom, 
which they hug so closely that if a container is dumped, a large pro¬ 
portion of them may remain in a cupful of water that is left behind. 
Under favorable conditions the time from egg to egg is about 
16 days—2 to 3 for hatching, 5 to 6 for the larvae, l*/> to 2 for the 
pupae (Fig. 243), and 6 to 7 before the adult lays eggs again. The 
average length of life of the adults is about 60 to SO days. 

Aedes aegypti has more completely forsaken its ancestral breeding 
places than any other mosquito, only rarely breeding in tree holes or 
broken bamboo stems but commonly utilizing rain-filled coconut shells 
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around native villages, as well as artificial containers. Inside houses 
the most important breeding places are drinking-water jars, water- 
plants, neglected flower vases, unused toilets, and icebox drains; in 
residential yards they are cisterns, grease traps, tincans, wide-mouthed 
jars, old tires, animal drinking pans, rain-water barrels etc., and 
occasionally sagging roof gutters. In business or industrial areas they 
breed in barrels or buckets kept for fire protection, basement sumps 
elevator pits, trash piles, etc., and in neglected spitoons Neglected 
flower containers in cemeteries are a special menace. In places without 
a piped water supply, barrels or urns containing drinking water, tanks, 
and wells with wood, brick, or stone 
sides are important. Other places are 
the holy-water fonts in churches and 
the bilges of boats. 

In the southern United States, A. 
aegyptl survives the winter in the egg 
stage in dry containers, some even re¬ 
sisting freezing. Those in wet con¬ 
tainers, as Hatchett in 1946 found in 
Houston, are in a precarious situation 
since they hatch during warm spells 
and are then killed later by cold 
spells. The larvae survive in fire bar¬ 
rels and other protected and more or 
less permanent receptacles or in large 
cisterns in which the water does not 
become too cold. These mother 
foci” arc also important in seeding 

secondary, less permanent, containers ,, flies mo ro than 

during the summer. Since tins »>v cars, trains, 

a few hundred feet, although a h w • breeding place close 

or boats, its presence in numbers indicate a u I 

at hand ‘ . . . • . i ; n Africa but it has followed 

Aedes aegypti probably ongm.. << len j enc y to "stow away 

man to all parts of the world bec ause permanent resident 

in boats, trains, airplanes, and ai.to.no ». es • association with 

in all tropical and subtropical parts ^ range, 

man and is annually carried to plat* ** sufficient numbers 

I" the United States it lives through .be Coast, bu, 

to become abundant early in tli« sc- ; j population late in 

it survives in numbers sufficient to P ro< 11 • £ , gion f or some 

the year in many interior cities. In the Oriental b 
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unknown reason, it does not thrive so well as other domestic members 
of the Stegomyia group— scutellaris, pseudoscutellaris and polynesiensis 
in the South Pacific islands, and albopictus in southeast Asia and 
Honolulu. 

Control of Aedes aegypti. Since this mosquito breeds almost 

exclusively in artificial containers, special control measures apply to it. 

The principal useful methods are (1) destroying, removing, or turning 

“bottoms up” unneeded containers exposed to rain; (2) frequently 

emptying needed containers such as animal drinking pans, flower 

vases, water plants, and spittoons; (3) covering or treating drinking 

water in jars, barrels, etc.; (4) sealing, filling, draining, or destroying 

unused cisterns or tanks; (5) mosquito-proofing used overhead cisterns; 

stocking attic or underground cisterns, wells, and concrete fish or 

lily ponds with Gambusia; (6) larviciding water in fire-protection 

buckets or barrels, stranded boats, etc.; (7) puncturing or straightening 

sagging roof gutters. For drinking water in jars or barrels addition of 

1 ml. of 2% DDT in alcohol per 6 quarts is effective for 4 to 5 weeks 

—neither inebriation nor toxic effects have been observed! For cisterns 

where water can be drawn off from below and which are not amenable 

to mosquito-proofing, oil applied to the surface at weekly intervals is 

most satisfactory. 

• 

Since about 1947, spraying with DDT or dieldrin has been used on 
a large scale in extermination programs; 3 to 5% solutions sprayed 
on tlie inside and outside of actual or potential breeding foci, with or 
without water in them, and on nearby resting places have proved 
very effective. If thoroughly done one or two applications are 
adequate in small areas (up to 5000 houses), and four at intervals of 
3 months in large cities. Such cities as Georgetown, Barranquilla, and 
Cartagena have been cleared of Aedes aegypti within a year. 


II. Dengue 

’ V* gee or hreakbone” fever is another virus disease (see p. 227) 
principall) by mosquitoes of the subgenus Stegomyia. 
1 lie vims believed to be related to that of yellow fever but differs 
strikingly in not attacking the liver and in producing immunity of 
relatively short duration, sometimes only for a season, though some 
instances ot apparent failure of immunity is undoubtedly due to the 
existence ot at least three different immunological strains. The disease 
commonly breaks out in explosive epidemics that spread with amazing 
rapidity. Such an epidemic spread through Texas in 1922; there were 
estimated to have been (>00.000 to 1.000.000 cases in a few months, and 
70 , < ot the people in Galveston and Houston were attacked. The dis- 
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ease may occur in all warm parts of the world—north as far as our 
Gulf states, the Mediterranean countries, and southern China. 

The disease starts suddenly with a high fever, flushed face and 
severe prostration. Often after a brief let-up there is a return of the 
fever and a transitory rash. Leucopenia is a marked symptom. The 
infection is not fatal, but there is a long convalescence. An effective 
vaccine comparable with that of yellow fever has been developed 

(Sabin, 1954). , f 0 , 

Mosquitoes fed on dengue patients can transmit dengue for 3 days 
after the onset of the fever. Only Aciles ac<i,j,>ti and other members 
of the subgenus Stegomyia are known to be implicated, except a 
closely related form, Annif’crcs obturbans. in Formosa. In some 
countries there are denguelike diseases, the transmission of which is 
uncertain, and it is sometimes difficult to distinguish between true 
dengue and sandfly fever. 

According to the work of Chandler and Rice. A. aai'J,*' become, 
infected after feeding on patients in the firs, to fifth days of the disease 
and can transmit the infection as early as 21 hours after an '"hctise 
feed, but Siler et al. in the Philippines obtained different results, lu 
found the patient to be infective for the mosquito lor only • days, a 
for 6 to 18 hours prior to the onset, and they also faded o transmit 
the disease in less than 11 days after a mosquito had obtain, d an 
infective feed. This incubation period was later shortened t< « > 

by Schule. Explanations for these discrepant results are possible 
transovarial transmission by mosquitoes or use by Chandler am 1 * 
of larvae as a source of experimental mosquitoes winch hud developed 

In water contaminated by dead infected adults. 

The fact that sandfly fever is Ira,isovar,ally tra,is,nitted among 
sandflies makes it appear probable that .his can also occur 
of dengue and mosquitoes, in spile of some preliminary ris, ,,S O ' 
contrary. The rapid spread of dengue epidemics does not f. , » 

with a long inculmthm period l« ■»".. T 1 ?* ^ 

mission is possible. Once a mosquito heeon.es mleetive ,t appears 

remain so for the rest of its life. iM _, 

Dengue, like yellow fever, is probable a sylvan disease of ,nonkeys 

transmitted among them by forest-dwelling mosquitoes of the a%nu 
Stcgomyia, such as Accics albopiclus and some of he " , , | 

members of the A. scu.cllaris group. Homan outbreaks 1 'M.s 
begin when some of these mosquitoes become infected fr monk. • 
and then invade human villages where, like A. arm*. '■« y >, 
coconut shells and artificial containers. Thence infected 
carry the disease to other parts ot the world where A. avsn,U, takes 
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over as the vector. Monkeys probably serve as interepidemic reser¬ 
voirs of the disease. 

A. albopictus is widely distributed in southeast Asia and is one of 
the four mosquitoes introduced into the Hawaiian Islands; the others 
are Aedes aegypti, Culex quinquefasciatus, and Toxorhynchites brevi- 
palpis, the last being a nonbiting species with cannibalistic larvae 
introduced in 1950 to help make life miserable for Aedes albopictus. 
In addition to A. albopictus other members of the A. scutellaris group 
are found in New Guinea and many other South Pacific Islands; the 
group includes A. polynesiensis, an important vector of nonperiodic 
filariasis (see p. 478). In most Oriental cities A. aegypti is the pre¬ 
dominant species of the group, but in Honolulu albopictus outnumbers 
aegypti three to one, and was the principal vector in the 1943-1945 
outbreak there. An interesting feature of the epidemiology of this 
outbreak was Usinger s (1944) observation that the incidence of cases 
is correlated with density of human population rather than density of 
mosquitoes; where people are crowded a few mosquitoes suffice, but 
where people arc scattered even dense hordes of stay-at-home mosqui¬ 
toes fail to spread the disease efficiently. 

Members of the scutellaris group (including albopictus) have a 
white stripe down the middle of the thorax; albopictus differs from 
the majority of the members of the group in having irregular patches of 
white scales on the sides of the thorax instead of more or less distinct 
lines. Important members of the group have habits very much like 
those of aegypti except that, in addition to breeding in artificial con¬ 
tainers, they also breed in tree holes and, rarely, in leaf axils in jungles 
far from urban centers and are therefore more difficult to control and 
probably impossible to exterminate. 

For control of Aedes aegypti and other container-breeding mosqui¬ 
toes, see p. 750. 

III. Encephalitis and Miscellaneous Viruses 

Numerous other mosquito-borne viruses occur in various parts of the 
world; some, but not all of them, have a predilection for the central 
nervous system of their hosts and cause encephalitis. There are three 
of these encephalitis viruses in the United States—western equine 
(W FF), St. Louis (SLE), and eastern equine (EEE), and in northern 
South America there is a Venezuelan equine (VEE). Other important 
mosquito-borne encephalitis viruses are Japanese B in the Far East and 
Murray \ alley in Australia. There are numerous others, besides yellow 
lever and dengue already discussed, that are not primarily neurotropic, 
e.g., West Nile, Ntaya, Mengo, etc. Some of these viruses have been 



Mosquitoes 753 

discovered by isolation from blood of normal or febrile hosts, others 
only from mosquitoes. At least a dozen different mosquito-borne vi¬ 
ruses have been discovered in Africa, probably all infective but not 
necessarily pathogenic for man. but virologists hit the jackpot in 
Trinidad where 31 different unknown mosquito-borne viruses were 
isolated in a single year! Some of the mosquito-borne viruses ( e g 
EEE) arc transmitted primarily by M iles and Psoro/i tor , 

(e.g.. SLE and Japanese B) by Cuter, but none by Ano,,l,eles al¬ 
though these may harbor the virus outside the alimentary canal (e.g., 

NI The y three C en ) cephalitis viruses of the United States are “H primanly 
parasites of birds, but all three can cause serious disease ... man 
characterized by suddenly developing headache and mala.se fever 
that reaches a peak about the third day. marked drous ness and coma 
(wherefore sometimes called "sleeping sickness ) and of “" 
vomiting, and convulsions. WEE and EEE produce clinical mptam 
in horses also, and EEE in birds as well (especially pheasants. SLE 
produces only unappare.it infections in horses). . , , 

WEE is found mainly west of the Mississippi and > 

marily by Cuter tanalis: sparrows and other s.m.l > ar Jbe 
. . , . i , c although it feeds largely on inicis. 

principal reservoir hosts. C • '«»^ , 11Z ootie and 

also bites man and horses freel>. ami „„1 Cull coasts 

epidemic vector. EEE occurs mainly on t ic Atlantic a • J 

it is primarily associated with swamps and transimt'ocl pmbnbls mm . 

often by Clise.a d »/mr,,. which are 

horses ami mm,^ SIX = 

mainly in the Mississippi \ alley and «-■ "•«' »‘ |„ (; ; ,li- 

principally by Culcx mosqm.o.-s-..o ,M,h U ', E E. whereas in 

fornia C. tarsalis is the main transmitter «. . suburban, 

the Middle West and East human case s are ma.nl> »A*n « ^ 

with members of the C. small birds, 

man and chickens; and C. salmariu a as. . m unmalian 

VEE. in contras, to the United other marsh 

virus, as are many of the tropical \ n um .... 

mosquitoes are believed to be {"^states are rather scat- 

Human and equine outbreaks > f ur han or 

tered and often local. WEE is mam y rural. SLE » U . . ^ 

suburban, and EEE sporadic. There .•>' ^ ) ( . t((MK . s of ,|,em in 

to how these viruses survive cold wm • ■ principal 

interepidemie periods? When birds were found ,o > > 

reservoirs, and dermanyssid mites were reported to ha. bo. 
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transovarially transmit them, survival in the mites with transmission to 
nestlings in the spring, and subsequent spread by mosquitoes seemed 
to provide a perfect explanation; however, subsequent work has failed 
to support this hypothesis and it is now generally agreed that mites 
play no significant role. The viruses may sometimes survive in verte¬ 
brates, or may be reintroduced each year by migrating birds from 
permanent foci in the tropics. 

Culex tarsalis, the most important vector for both WEE and SLE 
in the west, may be recognized by its striped legs, band on proboscis, 
and dark V-shaped spots on the under side of the abdomen. It shows 
little choosiness as to its breeding places, and breeds in great numbers 
in irrigation seepage or overflow, rice fields, etc. Culiseta melanura, 
enzootic vector of EEE, is a small dark mosquito with no conspicuous 
markings. 

The Culex pipens group includes a number of closely related brown 
house mosquitoes of world-wide distribution, of which the best known 
are pipiens in temperate climates, quinquefasciatus (or fatigans) in 
warm ones, and molestus (which lays eggs without a blood meal) in 
strictly urban areas. These interbreed where their ranges overlap, 
and are probably best regarded as mere varieties or ecotypes of one 
species, C. pipiens. There is no evidence of differences in their ability 
to transmit either encephalitis or filariae (p. 755). They are strictly 
nocturnal and will bite in complete darkness; therefore their activity 


supplements that of the yellow-fever mosquito, the house mosquito 
taking the night shift and the yellow-fever species the day shift. They 
are probably primarily a molester of birds, attacking man and other 
mammals as a second choice. They breed in almost any standing 
water but prefer artificial containers and are partial to filthy water. 
I hey thrive in cesspools and open sewers. The larvae (Fig. 232) have 
long breathing tubes and broad heads. Development from egg to 
adult can probably occur in 5 or 6 days under ideal conditions. 

’n Colombia and Brazil several strains of viruses in addition to jungle 
yellow fever have been isolated from forest mosquitoes. In the 
I ar East, Irom Guam and the Philippines to Japan, Korea, and 
Manchuria. Japanese B virus causes extensive human outbreaks. It is 
t ransmit ted primarily by Culex mosquitoes (C. tritaeniorhynchus , 
( quin'/ucfuscuiius, and others) although others, e.g.. Aedes olbopictus 
and Anopheles hyrennus , are also involved. Since the virus has been 
found in reared mosquitoes, transovarial transmission is suspected 
(but see p. 751). Japanese B. like VEE. is primarily a mammalian 
virus, as is that of Kyasanur Forest disease in India (reservoir is 
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monkeys). In Australia the principal vector of Murray Valley virus 
may be Culex annulirostris which resembles C. tarsahs in having a 
banded proboscis. This virus is enzootic in many mammals and birds 
in tropical Queensland, whence it is carried by migrating birds to 

southern Australia. . 

As noted above, mosquito-borne viruses abound in Africa: in one 

locality in East Africa 297 human sera examined contained antibodies 
against 8 different viruses, and only 17 ',i were negative. One virus 
(Bwamba) was present in 44%, and another Zika. was associated 
with an outbreak of jaundice. Two of these African viruses which 
were though, to be rare in man (Wes, Nile and Ntaya) hu e been 
shown to be extremely common in Egypt, where over 50 . of childm. 
show antibodies to Wes, Nile virus by the time they are 5 
and 75% of adults show them. Over 45'. of adults sho« 

,0 Ntaya virus. West Nile antibodies are also common •» doimstic 
animals and wild and domestic birds, and tins virus has also been 

have been shown to be naturally infected, 
and Aedcs ae&jpti is an experimental vector \Ml i is h 

the pathogenicity of these viruses in in ants: ... >bt «1 adulb> k> 
produce mild symptoms. Another of the Aln«m v,n« . ‘ ^ • 

is particularly harmful to sheep and cattle, is < '•»< • N . )s< itoos 

and sometimes produces «'W Another 

SiSX h iour continents.* - here - 

be prevalent. l | > ,i,n„tes whole rabbit popula- 

Myxomatosis, a virus disease that . • others) 

tions (which may be a blessing m somt * I* " ' s M " , .. I ot | ier 

is transmitted primarily by mosquitoes, although .has and 

insects may be involved. 


Mosquitoes and Filuriu&is 

Manson's discovery in 1879 that . 

hosts for filariac marked the beg'imm). ■ ..I insects of 

it was the first evidence Ol filarial w inns 

organisms causing human d.scasc. . follIul in c hapter 21. 

including the development .. . . . l.l u ial 

pp. 475-185. Wild lire rin bniiirofli and U 


PP- 4/5-185. U ucherenu nan. . . • 11 „, s<llli *«,es. thoie.-h some 

infections of man known to be tiansim « , . •• S1IIS ,«» c " stage, 

Of the others undergo partial development, up to the -usage 
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in these insects. The species of the genus Dirofilaria which inhabit 
the heart and subcutaneous tissues of dogs are also transmitted by 
mosquitoes. 

Transmitters of Wuchereria bancrofli. In contrast to the condi¬ 
tion existing in malaria and yellow fever, W. bancrofti is not limited 
to one group of mosquitoes for intermediate hosts, though by no 
means all species of mosquitoes serve equally well as transmitters. 
Some fail entirely, some allow only partial development to occur, 
and some allow only a relatively small percentage of the ingested 
embryos to reach the infective stage; others, on the other hand, 
are too hospitable and are frequently killed by the heavy infections 
which develop; apparently the most critical time for the mosquitoes 
is during the migration of the matured larvae from breast muscles 
to proboscis. 

Although nearly 60 species of mosquitoes, including species of 
Anopheles , Culcx, Acdcs, Psorophora , and Mansonia , are capable of 
serving as intermediate hosts, only a few species, all closely associated 
with man and feeding largely on human blood, are common trans¬ 
mitters in nature. 

The nonperiodic “pacifica” form of filariasis of the eastern South 
Pacific islands (see p. 477) is transmitted in most places by Acdcs 
polynesiensis, which, along with A. albopictns, is one of a number of 
closely related species constituting a "scut el laris” group in the sub- 
genus Stcgoniyia, to which A. aegypti (see pp. 727 and 746) also 
belongs. Locally others of the scutellaris group and also Acdcs fijiensis , 
and Culcx quinqucfasciatus to a minor degree, may serve as trans¬ 
mitters; all but the last are outdoor mosquitoes. A. polynesiensis is a 
shade-loving, day-biting sylvan mosquito that usually bites outdoors, 
but may enter houses situated in or near the "bush” to bite but not 
to stay. It seldom ventures more than 100 yards from where it was 
bred. The breeding places are tree holes, banana leaves, coconut 
shells, and other small rain-filled containers, including bottles, cans, 
etc., in dense shade where available. Obviously such a mosquito is 
quite unaffected bv the residual sprays indoors or by the space sprays 
outdoors. 

The ''periodic” form of \Vuchereria bancrofti in which the micro¬ 
filariae swarm in the peripheral blood only at night (see p. 477), 
tound elsewhere in the world, is transmitted in cities (except in tropi¬ 
cal Africa) primarily by members of the Culcx pipiens complex (see 

р. 727), and in small towns and suburbs by man-hunting Anopheles, 

с. g., A. darlingi in South America, A. gambiae, melas, and funestus 
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in Africa the A. punctulalus group in New Guinea and the more 

^e,"“ FaSc Z*. A * am -a ” 

nowhere is an important ' tt,or . , vcc , ors are present in con- 

Transmission may fail even "hi g • ,„ce the percent- 

siderable numbers. Humidity and fu , illvasion of the skin 

age of infected mosquitoes and also successlui 

when infected mosquitoes bite. filariasis caused 

Transmitters of » ucherena ^ ^ ^ 

by Wuchereria "uilmji, in con . milil ,|y by mosquitoes 

places, is strictly rural, bctMUst 1 • ^ sprcics of Ailop/ir/es, 

of the genus Monsanto assisted in s °" 1 1 * ’ oll | v outer houses to 

especially A. barbiroslris Al ''.‘“l",' persistently as lines Culvx 
bite, and sometimes rest there, hut 

quinquefasciatus. , hearlworm. Pirofilaria 

Mosquitoes are the transmitters ‘.u * ^ . . ,)ir,./i/«n„; 

immi/ls (see p. 496). and prison . , .,•/<■*. Antes, and 

successful experimental hosts j in p„rlnnt in nature; 

Culex, but little is known almut "huh I js 111M | oll btedly one. 

in the United States. Anophclci </ <)( worms in dogs near 

but the unusual frequency and prexa • ^ 111 ( , 5 , | , l i ll „. s . Probably 

thecoastssuggcsttheinvolv. ni. il < ' Ml|1|t . |, ir ,| lilariae also. 

mosquitoes are intermediate transm ..onus Monsanto diller 

Mosquitoes of the subgenus‘ o| ,h,se N ,K-c ies are laid in 

from all others in their biology. - l(jc ni.n.is. The larvae 

clusters on the under surface ol Ways «• • ' ( ^ 2:Mi //) with 

have the breathing tube terminate*! «>> • i ^ <lf |VV nir from them 
which they pierce the roots «•' 1 < their breathing 

and so never come to the mu •“ * o , lf . v< . r rise t<> the surface 

trumpets in a similar manner, an* 1 

until time of emergence. Some, including tin- 

Most of the species are fonm ■" closely assm ialed 

important matoji -carrier in 1 ; . y ws ( . x teiisivel> in *ropi- 

witli the water lettuce, Pistio shaho ■ ^ ^ | >v up the plants 

cal swamps. This mosquito can >c ^ ^ v rr tor. M. uni/armis, 

and killing them with lierhicu es • ^ China and 11.do China 

chooses the water hyacinth am «» I — ||iaIiy plants, including 
M. longipulpis attaches Use « (icull to control, 
swamp trees; this species is n > 



758 


Introduction to Parasitology 


Mosquitoes and Dermalobia 

In many parts of tropical America where the larva of a botfly, 
Dermatobia hominis (see p. 786), infests man and cattle, there has long 
been a belief among the natives that the maggots which develop under 
the skin result from mosquito bites. Observations and experiments 
proved this to be true; mosquitoes normally serve as airplanes for the 
transportation of Dermatobia eggs to a suitable host. Occasionally 
when a Dermatobia is unable to find a mosquito and is under the imme¬ 
diate necessity of depositing eggs, she may oviposit on other captured 
arthropods, frequently muscoid flies, or even on leaves. 



Fig. 244. Psorophora ( C.rabhamia) lutzt, with eggs of Dermatobia hominis 
attached to abdomen. (After Sambon, /. Trop. Med. Hyg., 25, 1922.) 

The mosquitoes involved in nature seem to be, primarily at least, 
species of Psorophora , subgenus Grabhamia. In Central America 
P. lutzii alone has been incriminated, but in South America other 
species are concerned; P. ferox is the most frequent vector in Colombia. 
P. lutzii (Fig. 244) is a dark, beautifully colored mosquito, with 
yellow markings on the thorax and with flashes of metallic violet and 
sky blue on its thorax and abdomen. It is said by Knab to be one of 
the most bloodthirsty of American mosquitoes and is found through¬ 
out tropical America. The larvae breed in rain puddles, the eggs being 
laid in dry depressions on the forest floor which will become basins of 
water after a tropical downpour. The eggs hatch almost with the first 
chop of rain and mature so rapidly that adult insects may emerge in 
4 or 5 days. The larvae feed on vegetable matter and are themselves 
fed upon by their relatives of the subgenus Psorophora , which breed 
in the same rain pools. 

Control and Kxterinination 

Control or protection against mosquitoes and mosquito-borne diseases 
may be undertaken in the following ways: (1) personal protection 
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from adults, (2) destruction of adults. (3) destruction of larvae, and 
(4) elimination of breeding places. 

Personal protection. This method of dealing with mosquitoes may 
be indispensable to people operating in mosquito-infested places and 
for residents in some areas, as in parts of Alaska where control methods 
are unpracticable. Concerning the use of protective clothing, little 
need be said; the value of gloves, veils, high boots, leggings, etc., is 
obvious. As a repellent for either skin or clothing, diethyltoluamide is 
best, being solidly protective against most mosquitoes for at least 4 
hours (see p. 536). In many parts of Alaska protection against mos¬ 
quitoes outdoors is essential for playing children, etc., and is obtained 
by more or less stationary aerosol dispensers situated so the insecticidal 
mist will drift over the areas to be protected. Similar protection is 
obtained in some cities by mists dispensed from trucks moving up 
and down the streets, or locally for protection of outdoor gatherings. 
Indoor protection is obtained by means of screens; their effectiveness 
is enhanced by spraying them with residual insecticides so that fewer 

will enter when doors are opened. 

Destruction of adults. Immediate destruction of mosquitoes and 
other insects in houses, barracks, schools, etc., can be obtained by the 
use of aerosol "Irombs" (see p. 535). For continued protection, how- 
ever, residual sprays with DDT or other chlorinated hydrocarbons in 
suspensions or emulsions, at the rate of 2<K) mg. per square foot of the 
insecticide, are needed. The surfaces sprayed are lethal lor 3 to (. 
or 8 months to insects resting on them, depending on the nature of the 
surface, formulation of spray, etc. For details, see p. 

Residual spraying of houses has given sensational success against 
insect annoyance and in control of arthropod-borne diseases wherever 
the vectors habitually enter houses and rest in them. As noted on 
p. 750. this method may actually exterminate the domestic Aeries 
aegypti, anil it gives such excellent protection against house-frequenting 

Anopheles (e.g., A. tlarlingi, A. quadrimaculatus, A. gambiac) that 
malaria is quickly reduced to a position of minor importance or 
eliminated altogether (see pp. 190-191 )• On the other hand residual 
spraying is of little or no use against the mosquitoes that lute only 
outdoors, or leave a house immediately after feeding. 1 his includes 
members of the Aedes scutcllaris complex, which are important vectors 
of filariasis and dengue in the Pacific area, and also such Anopheles as 
A. bellator and to some extent A. alhi,nonus and A. aquosahs l nlor- 
tunately insects are adaptive creatures, and we must contemplate three 
possibilities: (1) that some of the house-frequenting species ma> 
develop bite-and-run habits as a result of natural selection and surws.il 
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of the fleetest, just as they once substituted domesticity for a sylvan life 
before human houses were converted into lethal traps; (2) that some 
of the present bite-and-run species, when their house-frequenting com¬ 
petitors are eliminated, may become of greater importance; and 
(3) that mosquitoes become as resistant to DDT and allied chemicals 
as flies. Up to the present time only a few species of Anopheles have 
developed any appreciable degree of resistance, and only locally, but 
several others (Culex tarsalis and the salt marsh mosquitoes, Aedes 
sollicitans and A. taeniorhynchus) have become fairly resistant in some 
places. 

A novel method of killing adult male mosquitoes is the use of a 
loudspeaker set up behind an electrified screen to broadcast the sounds 
made by the female of the species (Kahn and Offenhauser, 1949). 

Many birds, especially nighthawks, swifts, and swallows, feed actively 
on adult mosquitoes. Bats have been exploited as mosquito destroyers, 
and municipal bat roosts have actually been erected in San Antonio 
and recommended for other places, but scientific investigation has not 
substantiated the extravagant claims made for the efficiency of bats as 
mosquito destroyers; in addition, bats are an important reservoir of 
rabies. In the tropics wall lizards or geckos and jumping spiders 
destroy numbers of mosquitoes in dwellings. 

Destruction of larvae. Larvicidal measures consist of application 
of insecticides as sprays, dusts, granules, or pellets (see p. 534), or as 
solutions in a high-spreading oil (1 quart of 5% solution per acre) for 
fairly open water; clearing of brush and floating vegetation to permit 
fish, particularly Gambusia, to get access to the larvae; fluctuation of 
water level; and for Mansonia , removal of water lettuce, water hya¬ 
cinth. and other water vegetation. Fluctuation of water level has been 
very helpful in preventing breeding in reservoirs. When the level is 
lowered, most of the larvae are stranded and die; when it is raised, 
fish can get at larvae that were developing near the lower shore line. 

The chlorinated hydrocarbons, at first DDT but now particularly 
dieldrin (see p. 532), have superseded all of the older larvicides such 
as oil, Paris green, creosote emulsions, etc. Species of mosquitoes 
vary somewhat in their susceptibility to particular insecticides, e.g., 
C. quinquef a sc id t us is considerably more resistant to DDT than most 
mosquitoes, but highly susceptible to BMC and dieldrin. Anopheles 
larvae are so susceptible to DDT that, if evenly distributed, 1 lb. of 
DDT would be enough to kill them on 1000 acres; in practice 100 
times that amount is used. No harmful effects on fish or other wildlife 
results from such dosage. In rice fields heavy dusting before flooding 
greatly retards mosquito breeding. 
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For culicine mosquitoes, including Mansonia, 5% dieldrin granules 
(2 lb. per acre) have been used to advantage in marshes, ponds, rice 
fields, etc. Larger pellets (60 grains) of sand and cement (5:1) 
saturated with insecticides in xylene are very effective in catch basins, 
crab holes, wells, and even drinking water pots. Dieldrin is the best 
insecticide for the latter since its solubility (0.05 ppm) is well below 

the levels considered unsafe. ., . a 

In treating catch basins, cesspools, sewer inlets, etc., a residual effect 
good for several months can be obtained by spraying the side walls. 
For a sewage farm, application of 8 ounces of a 25% emuls.on every 
day or two to the water in the main pipeline did the work of spra>ing 
75 to 100 gallons of diesel oil. By treating a main irrigation ditch with 
a few gallons of emulsion applied slowly over a period of an hour or 
so, larvae can be killed for distances of many miles; in one case no 
larvae were found in 1(H) miles of irrigation canals. 

Natural enemies. Certain kinds of fish are of very great value n 
control of mosquito larvae in natural waters, lily ponds etc. I Ik vi . - 
arous Gambu,ia affinis (Fig. 245). widely distributed in smitlu. Urn 
United States and extensively introduced e'sewhere is a xah able 
species because of its hardiness, ability to live ... fresh, brackish. 

foul water, and rapid multiplication. fi 

Where algae, weeds, and debris are removed to permit free_opc« m 
of the fish, usually no other control is necessary. Even gol I . 
keep lily ponds free if the mosquitoes do no, breed mo.e “ 

the fish can ea, them. In sal, marshes var.ous spec e o k. if 
(Fundulus) are potent factors ... destros u.g n.osq n k rxa^ Great 

reduction in mosquito output can bt *» >,mu< *' 4 ' , j ,, 

such a way that the fish can gc, access I" most >- 1 ' 'son. ' 

swamps arc converted into pools in their deepest parts. W I 

times control the mosquito output. ^ ^ llilw ‘ lla ,C,. 

tage in cisterns and exposed wcU*. ■ *• . •| K .. n 

eries for these fish to supply then, to citi/ens « ... • 

The nonbiting ToxorhjM s whose to hole no. g *■ 

cannibalistic has been introduce,, mto Hawim ^ 

the larvae of tree-hole-breeding A** 1 * ‘ .it,, 1 ,rv u-or cg ,r s 

be seen. Many other water l m* dcira!^ 

including predaceous insects, buev m ^ ^ kl l, 

mo^quitVlTrvS. “/Tnumber of aquatic 
mosquito larvae for one reason or anoth. r. 

Adders and suHace-cover.ng 
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plants such as Lenina (duckweed) by preventing the larvae from get¬ 
ting access to air. 

Elimination of breeding places. The only permanent method of 
control of most mosquitoes is to eliminate the breeding places entirely 
wherever possible. The application of this method to container- 
breeding mosquitoes was discussed on p. 750. 



Fig. 24 5. Gnmhusia affinls, a voracious, mosquito-eating top minnow, useful 
tor stock inn ponds, cisterns, wells, etc. (After Jordan and Evcrmann, The 
I'i'ho of Xorth and Middle America.) 


Drainage is often practicable as a means of eliminating breeding 
places. Not only must small pools of standing water be eliminated 
but also the drains themselves must be made unsuitable for breeding. 
Sometimes other methods of control, such as filling in of depressions 
or protection of swamps by means of levees, dikes, or tide gates, are 
more practicable. Drainage ditches with narrow bottoms, the sides 
of which are kept clean and straight, preferably by cement or board 
w alls, are the best means of draining borrow pits, swampy depressions 
in streams, or outcrops of seepage water. Seepage water outcrops are 
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the most difficult and often have to be drained by ditches which more 
or less follow the contours, ultimately connecting with main ditches 
leading away. Lined ditches cost more to build but arc more perma¬ 
nent, more easily kept clean, and cheaper in the long run. 

Subsoil drainage by means of tile or pipe is often necessary; in the 
Malayan hills Watson got wonderful results by thus draining rax m 
where A. maculafus breeds, and excellent results have been ob a.i.ed 
from this method in Panama also. In some places effective dramage 
has been obtained by packing drains or tributaries of myines ' ^ 

trunks and branches and a top covering of grass. Wlurc water is 
held at the surface by an impervious stratum overlying a pervious one 
vertical drainage may be successful by drilling holes throng which the 
water can flow down to the deeper pervious strata. Sa't marslu s may 
be drained by appropriately placed drams averaging 200 to 3(H) It. 

.he ™.hod successfully uscl by Hu* ,» New Jmjy. 
with filling in of parts which cannot be so drained; the falling of the 
tide carries the water out of the ditches. When the tide ^ "‘sufficMe 
to do this, engineering projects of .liking with tide gates o pumps inns 
be resorted to. In some places dams and automatic siphons, to flush 
stream” h. the dry season when pools for.. their beds, have been 

f0 peHo U di e c f chaining of ponds and rice fields results in a great reduction 
in number of Anode's larvae. In California 10-day “^en 
drying have been employed, and in Portugal 16 class. Sometimes 
provision of shade, sometimes removal of it. eliminates breechng phwe 
see p 739) For bro,..eliad-brccding species ol A ,W,tides (A. It / 
lator P A cru-i) spraying with 0.5'i copper sulfate kills the plants, but 

7. 7 ™ pT.cc, h. P „d rcn.uv.1 »f fh™ 1- I" 

all the aerial plants need be removed, for some of the smalle. species, 
which are often the most inaccessible, are of little or nc• 

Once eliminated there may be no regeneration of the plants for 10 

years or more. 
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DIPTERA 

III. FLY MAGGOTS AND MYIASIS 


infestation by fly maggots is called m>i . (see 66 7). 

caused by larvae of flics of the » , W J U ; . j t j R . s ^ in i )y a scale 
Exceptions are a few reported eases o >•' 1 s * t j u . rectum by 

insect; of sinuses by the larvae of carpe ^ beetles 

adult dung beetles. The last, and u«. hIh rumeauU ^ ^ ^ 

or maggots in the feces, stomach. • t -fhwKlorldes. 1948). 
clearly accidental causes of p>< ut< 1 * ‘ . proc | ucc ^| by products of 

Mention should ...» ho Kby '-.to. of 

nonparasitic insects, especially £»*<«*• to (a cantliarid). and 

the genera Pacderus (a s.aphyh d > < caU , pillar , Meg,,- 

the great irritation produced 1»> t 1 

lopijne opercularis, popularly '"tviasis belong to two large 

The flies most frequently <™ecrr d- »>> T , u . |nMcr are 

groups, the Musco'dea (sei P- '(hI ( ^ ^ , iw for a very short 

committed to parasitic life ,i u . u |ult stage. Their mouth parts 

time, probably no. fe.-.hng a. all“» N| ^. oi d.,, on the other 
are reduced to mere vestig *• *J‘ ? ( bloodsuckers or germ car- 

hand, are a "““"“'"l/^orms and the African tumbu fly. 
ners, but some, SU ' h ‘ , , iin tant parasites in the larval stage, and 
have to be reckoned w.th as . X stagw Many 

a few, such as the house>. mV CalHphori dae and Sarcophag.dae. 

Muscoidea belonging to tlu I. havc maggots that feed on 

commonly called blowfl.es and fl sbl cs have " f these should have 
dead flesh, and i, is not ^'rpnsmg that ^ ^ ^ ^ „ ( , h . 

adapted themselves to 8 „, c foul . sl „clling soiled 

e.g., the screwworms, or to ac.\ i t* 

767 
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wool of sheep and attacking the skin underneath, e.g., the wool mag¬ 
gots. 

Identification. Identification of full-grown larvae causing myiasis 
is usually not difficult so far as the genera are concerned, but accurate 
determination of species often requires breeding them out. The most 
important characteristics used for identification are the respiratory 
openings at the anterior and posterior ends of the abdomen (Fig. 247). 
The posterior openings consist of two stigmal plates; these are hard¬ 
ened, dark-colored, eyelike spots, in most species surrounded by a 
sclerotized ring and a buttonlike mark, though in some of the Oestridae 
the whole plate is chitinized. On the plates the spiracular openings 
are usually in the form of three slits, which may be straight, bent, or 
looped. The position and shape of the plates, the development of the 
ring and button, and the form of the slits are of great value in 
identification. 

First-stage maggots are recognizable as such by the absence of 
anterior spiracles and posterior spiracular plates, but the genera and 
species are difficult to identify. Second-stage maggots are also difficult 
to identify; in the muscoid group they are recognizable as such by the 
presence of two instead of three spiracular slits on the posterior 
stigmal plates. 

Following are keys to the principal myiasis-producing adult flies and 
their larvae, including a few forms most likely to be confused with 
them, but not including adults of those only occasionally found in 
human feces. 

Adults of Myiasis-Producing I'lics 

I. Muscoidca (Mu-oidno. Calliplioridac* and Sarcopliugidac). Eyes 
large (Fig. 2IS), touching or nearly so in 6 ; proboscis well devel¬ 
oped. 

1 «• Color metallic blue or green; Calliplioridac 2 

\h. Color gray or yellowish with dark markings 4 

lc. Color yellowish-brown; African Calliplioridac 5 

2a. Bristles on mesonotum mostly wanting (Fig. 246. 2); blue or 
greenish blue; face golden or orange-red; palpi short; antennae 
feathered to tip (Fig. 216, 5) 

Callitroga and in Old World, Chrysomyia 
2I>. Bristles well developed on mesonotum (Fig. 246, I) 3 

3'/. Small; green or coppery; face silver; squama bare (Fig. 246, 8) 

Phoenicia 

>h. Large; blue; face red or golden; squama hairy Calliphora 
3c. Larger; bluish black: face black Phormia 

4a - Abdomen yellowish basally, dark at apex, with longitudinal dark 
stripe; proboscis fleshy Musca 
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II. 


(1) Similar M 

curving up towanIs thm feathered except at 

46. Abdomen checkered u-»\ • Sarcophaua 

tip (Fig- 246. 4) bare (Fig. 246. 3) 

4c. Abdomen gray spotted wilh black. W'ohlfarlia 

» fi.Ni* osii) Cortlylobia 

5a. Abdominal segments all ..bout . • U .J (]rj 248): third 

5b. Second abdominal segnu-nt d tta^o " (lir , im „„ m ,i„ 
abdominal segment of 9 indented 

i i.... i .itci-cliridae. and UfMrniu«;. 
Botfly Group (CiB»lero|.l.i • • ->5.S); proboscis greatly re- 

Eyes small, widely separated < i n- 

duced or absent. . . , .• Clll . l ii pit- arista feathered 

la. Body not markedly hairy; pro » ' Cuterehridae 

on one side . VV11 . , ro| mal American skin maggot 

(1) Body blue, wings Iwrown^ in I Drrmalobia 

of cattle and white; anal vein poorly 

<2) o« «*»«■ «*•* ‘ “" """I 

lb. Body hairy, beelike wjng stra ight. not extending 

2a. Abdomen elongated fot. I (ll „ rs ,. bots) Ga.lrropl.il.dnc 

(1) Abdomen brown, tipper ' • CasU ,^ l ^ t Hy S haemorrhoiclulis 
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Auclimeromyia lutcohi 

Cordylobia anthropophaga 



Calliphora vomitoria 



Wohlfartia vigil 



llypodrrtna I incut a 



Ctnti’rifphilui sp. 



Dcrmntobla hominis Oestrus ovis 

Fig. 247. Stigma) plates and spiracles of various maggots. Note distance 
apart of stigma) plates, form and position of spiracles, and presence or absence 
of ‘button.’ (Adapted from various authors.) 
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Fig. 248. 

B, X4. 
Wilkins; 


=on B o floor maggot - «V- ^ "\uL 

' d,,u af »" N , - ,, w> ,, s Bd ' r ; '" Miu .' r , <M . on. iM7.) 

va after James U. S. vu*- m 


x3; 

ami 


. i 1>1 uk hand in middle; 

(2) Abdomen light at each •* Caste tophilus nasal is 

wings not spotted base: wings spotted (Fig. 

(3) Abdomen brown, d»rt> Cast<roi>liilus intestmahs 

2 ‘»6. 6 ) ft mi 1 1 * win of wing curved forward 

2b. Abdomen short “JU-rior cell tF*. »?>! »'«*»"« 

at tip, sometimes tlosinv, l . 3 

parts vestigial; arista * * ,r , gravish Oestrus 

3a. Middle part of face narrow: <***[«" %w pi'kid. llypoderma 
3 b. Middle part of face broad distinctly striped 

(1) Apex of abdomen orange; thorax //. 

(2) Apex of abdomen lemon-yellow; light »n tb...ax ^ 


Full-Grown Larvae of Myiasis-Producing Flies 

. . /p; c 249); fairly smooth. 
I. Larvae cylindrical, tapering Ilot leathery; stigmal V^cs 

without conspicuous colored si • lcll | ar s 1its (Musconlea). 
separated, well sclcrot./ed w.« . , platc . button well devcl- 

la. Sclerotized ring completely own 

°ped . . i nl ttm) region poorly chitinized 

lb. Sclerotized ring incomplete, button b 
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2a. 

2b. 

3a. 


3b. 


4b. 
5 a. 


5b. 

6a. 


6b. 

6c. 


II. 


Two mouth hooks; slits straight, or oval and only slightly bent 3 

One mouth hook; slits S-shaped or in loops 4 

Button enclosed in ring; slits straight, elongate, directed inward 
and downward (often nearly horizontal in Calliphora) (Fig. 
247) Calliphora, Lucilia, and Phoenicia 

... Button inside ring; slits oval, may be slightly bent Muscina 
4a. Slits have several loops; stigmal plates D-shaped, close together 
(Fig. 247) Musca 

Slits S-shaped and well separated; stigmal plates separated by 
nearly twice their diameter (Fig. 247) Stomoxys 

Stigmata in pits surrounded by fleshy tubercles (Fig. 252); slits 
vertical, the first one often directed downward and outward 

Sarcophagidae 

Stigmata not in pits 6 

Large break in ring; no definite button (Fig. 247); posterior 
margin of eleventh segment without dorsal spines Callitroga 

(1) Main tracheae large, pigmented (Fig. 249) C. hominivorax 

(2) Main tracheae small, not pigmented (Fig. 249) 

Sarcophaga bullata 

Ring often nearly complete, but no definite button Chrysomyia 
A weakly chitinizcd button present Phormia; in birds’ nests 

Apaulina 

Larvae leathery, usually more or less flattened, not tapering from 
posterior to anterior end; often with conspicuous, colored spines 
(hots and some maggots). 

la. Body with rings of large, dark spines (Fig. 258); stigmal 
plates in contact, each with 3 bent slits (Fig. 247) (horse bots) 

Gasterophilus 

Body entirely covered with black spines; stigmal plates with 3 
convoluted spiracles spread laterally, converging medially to 
lower inner angle; in skin of rodents and cats Cuterebra 

Body not as above 2 

Stigmal plates with 3 slits in each 3 

Stigmal plates solid, with numerous small openings 5 

Body with last segment retractile; anterior end large; cuticle 
sparsely studded with dark spines (Fig. 256); stigmal plates 
close together: slits slightly bent (tropical American skin mag¬ 
got) (Fig. 247) Dermatobia 

Stigmal plates well separated 4 

I'! ite s very poorly developed, less than their own width apart, 
the slits crooked (Fig. 247): body studded with small yellow 
spines (African skin maggot) Cordylobia 

l'lates small, very far apart, the slits horizontal (Fig. 247); body 
without noticeable spines (African bloodsucking maggot) 

Auchmeromyia 

Button well inside plate (Fig. 247); body with rows of strong 
spines on ventral side; in nostrils and other parts of head of 
sheep Oestrus 

Button on inner margin of plate; in nostrils of horses 

Rhinoestrus 


lb. 


1 c. 
2a. 
2b. 
3a. 


3h. 

4a. 


4b. 


5a. 


\b. 
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5c. Button in median indentation of plate (Fig. 247); no com 
spicuous spines; in skin of cattle (Fig. 2o<) Hypoderma 

(1) Plates kidney-shaped (Fig. 247); no sp.nes on last segment^^ 

(2) Plates deeply indented; no spines on last 2 segments //. boat 
III. Larvae of odd types occasionally found in feces 

1 m rs BL 

4. Fhittened! 8 «4th fleshy processes (Fig 253 b) Fnnnia 

Types of myiasis. Maggots attack their hosts in a number of 
different ways. The Muscoidoa group includes maggots that (1) • 
blood; (2) invade wounds and natural cav.t.es (nose. tar. etc.) 

(3) attack skin under soiled wool, causing str.kc ... sheep; <4) ve 
in boils under the skin; and (5) live in or pass throt.gh tl . n cstn e 
or urinary tract. The botfly group includes spoc.es that (X) live 
boil-like lesions in the skin; (2) cause warbles ... the sh... o cattle 
(3) attack the nasal passages, sinuses, or other parts of the head of 
- . . , i /a) ijvt* in the stomach or rectum oi 

domestic animals or deer: ami m 

horses. Each of these will be briefly cons.dored. 


MUSCOID MAGGOTS 


1. Bloodsucking Maggots 

, , - a . |lied to the blowflies deposit their 

A number of spec** u . r . ,|,e ...aggots attach the,..selves to 

offspring m the nests ol -«'v " Ulliu ,l States and Canada. 

and in the Old World. 1—^, have this 

habit Hole-nesting passerine birds and hawks suffer most. 

The only larva that sucks blo»«l by puncturing the skin ol man » the 
Congo floor maggot. Auchmcromjia I,.'cola, omul throngb<mi^ tropica 
Africa south of the Sahara Desert, wherever there ^ 

latioi. of people who sleep on mats on the floor. Whe ' , 

are nomadic or sleep on raised beds, tins parasite cannot hope to 
survive It is the only known fly that is exclusively parasitic on man. 
Even where man and a.. sleep in the same room, the maggots are 
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found in the sand or dust only where human beings have lain. The 
adults commonly rest on walls indoors and feed by preference on 
human feces, though also attracted to fermenting or decaying vege¬ 
tation. Other species of this genus and the related genus Chocromyia 
live in the burrows of the wart hog and other hairless mammals. 

The adult fly (Fig. 248 A) is a dirty yellowish-brown with the tip 
of the abdomen rusty black. (See key, p. 76S.) The female lays her 
eggs in batches of about 50 at a time, usually in dust along the edges 
of sleeping mats; she may have 5 or 6 egg-laying sessions at intervals 
of a week or so. The eggs hatch within 2 days, and a few hours later 
the larvae are ready to suck blood, although if the occupant of the 
sleeping mat happens to be off on a vacation they can live unfed even 
for several weeks. The larvae ( Fig. 24S li ) feed several times between 
molts, pupate after several weeks, and the adults emerge 10 days or so 
later. The lilr cycle probably occupies about 10 weeks, so there could 
be five generations in a year (Carrett-Jones. 1951). The larvae lie 
buried in dust under the floor mats in the daytime and come forth 
every night to pierc e the skin with their mouth hooks and suck blood. 
For most people the bites are not very irritating, and there is no record 
of their transmitting disease. 


2. M>ia»is of \\ minds and Natural Cavities (Screw worms) 

Secondare invaders. A largo number of (lies belonging to the 
rnuseoid group, whic h normally deposit their larvae in decaying flesh 
of dead animals, occasionally, probably more or loss by accident, 
deposit Mi ,«• in •„ glccted wounds or sores when offen- 

•>i«- exuding from them. Included in this group are 
coppery-colored species of Calliphoridae be- 
genera Callipliora. I'liacnicia. Phormia, Callitroga , 
i others, and gray and black Sarcophagidae of the 
•/ .mcl Wohlhniia (see key on p. 76S). There are, 
i!m*i o| specie's which are commonly found as 
tiinls. These include Sarcophagi! hnllata, 
: "" 1 - ivvcral species of Phoenicia and Lucilia . and one 
or two other sp« c it 
(.Imistnnyui mr^a, 

Some* spec!' > dept 
invade the body p. 779'. 

1 •“ Sl v not primarily attracted by living tissue 

such as would be found in a dead 
1 1 because their excretions have bacteri- 

! propertii s, some ol i were extensively used as a means of 


Ill... 

'M*iii > • »r u • 

« ii. »>1 

■ i 

longing in 

the* genera 

('hrysinmiia 

. and other: 



V 1 e lit .111 t 

t If > Wi \ *4 'I* « 

1 >1 fflfi '/ dlul 

VUi | ! | • * | * * ■ .1 

secondare . 

> 1 1 i • l .i Ii’IVIftl 

nvadeis ot 


i 


ophaga see Fig. 254 > in this country, and 
and others of this genus in the Old World. 
• ggs in befouled wool of sheep and later 


mla 

the 
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removal of dead tissue in cases of 

antibiotics. The maggots inU in 

when dead tissue was not as a.h ■ ‘ |, agous Phoenicia scricala, 

the case of the supposedly exclusiselj saproj h 

which has been widely used as a sl,| T , ‘ ?, re ater significance are 
Primary invaders (.—s . of living animals 

three species which deposit their ^ . |es TheV ( l Q not deposit their 
and feed primarily upon the m - . onJv an ins i gn ificant wound or 
eggs on the unbroken skin bu re. llt |v the odor of fresh blood is 

scratch, very often a tick bite. - 1 P* ■^ f ^ c 0 d<>rs emanating 
attractive to them. They are* a se> • • ^ mav oviposit in them, 

from diseased natural cavities ..fh^ ' ^ and horrible death. 

Severe infestations in man ms) * ;irt . known normally to 

As already noted only throe M'"' 1 " ' t > fccd on living flesh. These 

attack living animals in this ni n 1 1>< . .. hominivorax; the Old 

are the American screwwonn 1 '.‘J" 0 f sollth ern Asia and South 

World screwwonn, CUnjs b — El|rwpt , 

Africa; and Woblfartia ""'""'f. injurious fly. formerly placed 

CALLITOOCA HOMINIVOHAN. known as Callitrotia (or Cochh- 

in the genus Cochliomyia, an ' . wit ^ ( carrion-feeding species, 

omyia) americana, was long "" . ,IM ... \ u \ { Hies of these two 

Sarcophagi bullau, ( C. Ih .r 0- ™ nMg#0|i sh ow easily 

species are very difficult t«* t : 

recognizable differences. ^ J( on | v r; , r ely lays its eggs in 

C. hominivorax is a true r ‘ ,;|sl '• xvi |J do so if the meat is at 
dead meat, although in tin n 

body temperature. . (if scre wworms up to 1933 really 

Much of the recorded bi«M |v calltt |u in carcass traps 

hullata. for homi *« ’ , tu species occurs from 

tlM . United States it normally 


applies to S. bullata, for 
but S. bullata commonly 
the Gulf Coast states to Arge 
survives 


:ulf Coast states to N latitude, but in cold winters 

zes the winter south «l ><» “‘‘j Tt . XJS and Florida. It does 

only in small areas in Arizona ' • raturl . falls below 49 F. for 

not survive when the mean < killed below 20’, and pupae 

3 months or 53°F. for 5 niondis; a • slirviv es in wounds or in soil 
at 15°F. It has no true biU-ma .m . . |ia|ly cluri ng a summer; 

in warm winter weather an« si * , starl lowar ds further expansion 
after a mild winter it may i ‘ , to distant northern states 

the next summer. It may a s” 1 ^ <( cal|se ) oc; ,l disturbances until 

with infested cattle in the sprint,. • _ crse) a (f cctc d l>v moisture in 

winter comes. Since i t s P"l> a ''..'i , ,’ 1( ,r t . the rainfall exceeds 4 or 5 in. 
the soil, it rarely establishes itsill 

a month. 
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Fig. 249. A. Si-rcwworm fly. CnU-troua Iwminivorax adult 9; B, full-grown 
Mliud Mage) larva, .interior spiracle* shown separately, enlarged. (Adult after 
James; Ian., after Lauke. Cushing and Parish, from James, U. S. Dept. Agric. 
Mi,e. I „/,l. (»il. PUT.) C*. posteiior end of Sarcophagi bullata ( — C. muccllaria), 
\' "tnl view. I). same «.» C. Ii.nninivorax. Note large, heavily chitinizcd, dark 

n| C> '••"•"•'teorax and small, lightly chitinizcd. uncolored tracheae of 
.S. bullata. 


The ncli.lt screw worm (lies ( Fig. 249.4) are large, greenish-blue flics 
1 1^‘ces and eyes see key, p. 768). The eggs arc laid 
1 >n to o\« r .300. sometimes in more than one wound, 
,,r 1,1 "" !l ''niches be laid at intervals of 4 days. The 

. '; ,ri is I"“»t «l*an that of S. bullata and is seldom 

1 he larvae ( Fin. 249B) are whitish with bands of 
I"!"' 1 . v ‘ distinsuished from the larvae of S. bullata 

. i 1 ' : '■P'rai los and large. heavily sclerotized main 

* c 1 , 1 - 1 Eating away at flesh and even bone, they 

,nnv to a h-ngl.'i of 12 to 15 mm. whe n mature; they then spontane- 
? vh ' ( ,v themselves In loose earth, and pupate. 

, nfes .. the lon ae leave within 48 hours and pupate 

nn.hr or wnhm a f. ; .t of the carcass in the upper half-inch of 
1 ill e\peiinii ntal emu. a pigs the maggots regularly mature 
,Vt ‘ -l " ound 0,1 'nc fifth or sixth day. The pupal period is 
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7 to 9 days in summer but may be prolonged to 10 or 12 weeks 
in winter. S. bullata may complete its whole life cycle xn 9 or 10 
days, but C. hominivorax is slower, requiring 18 to 22 days m sum- 

m Screwwms affect cattle, sheep, goats, and hogs most frequently; 
they are the cause of over 90% of myiasis of wounds. Human cases 
are rarer, but in 1935 there were over 100 human cases in the southern 
United States. In man the commonest site of infestation is the nose, 
whence the sinuses and nasopharynx are invaded, but the mouth eyes, 
ears, vagina, and wounds are also attacked. Halitosis seems to be an 
attraction to screwworm flies as well as a repellent to romance, though 
the magazine advertisements have neglected to mention it. Sometimes 
Dcrmatobia lesions, boils, etc., are invaded, though more frequently 

»a 

fatal. Reports of 179 cases compiled by Aubertm and Buxton shoes 
that 15, or 8'/«, died. There is usually an abundant discharge of pus. 
blood, and scraps of tissue, accompanied by intense pain. C lien 
nervous conditions develop, such as delirium, convulsions, sisual d.s- 

turbanccs, and loss of speech. . ^ 

Small numbers of larvae are fatal to laboratory animals; gum a pigs 
usually succumb to more than 3 per 100 grams of bods «e ght Hs- 
slingcr (1958) showed that highly toxic substances are pmduces1 by 
the grossing larvae in addition to the tissue .h-struction s luch n ay 
be serious enough svhen in the head. Borgstrom ( 1J38) found that 
the maggots are invariably accompanied by one spcc.es of proteols t c 
but nonpathogenic bacterium (Proteus chandler,), svh.ch after a la> 
or tsvo is in practically pure culture in the "ounds lbc u 
usually do not become purulent until after the exit of the I«n«cbn 
produce a copious sero-sangninous exudate. Ess huger also sho d 
that animals develop immunity against tin- toxic effects of the scrcss- 
worms but not against the- maggots themselves. 

The damage done by seress svorms to domestic animals amounts to 
millions of dollars in the United States. Wounds made by shears, 
barbed wire, thorns, ticks, parturition, etc., are commonly nivaded, 
and myiasis of the cloaca of chickens is not infrequent. In our south- 
ern coastal areas from August to October about 12 , of cattle a > 
infestations; during this season 85% of all screwworm mfexa ns 
begin in the bites of the Gull Coast ear tick. AmbUjomma maculatum 
(see p. 581). Next in importance are wounds made in shea.mg. 
Wounds made by castration, earmarking, and branding are also im¬ 
portant. The flies frequently oviposit in the sores made by hots. 
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especially Dermatobia in cattle and Cuterebra in rabbits (see pp. 786 
and 788). 

the old world screw worm, Chnjsomtjia bczziona. This fly is 
widely distributed in Asia and Africa and has habits similar to those 
of Callitroga hominivorax , whereas its close relative, Chnjsomtjia mega- 
ccphala, is the counterpart of our Sarcophaga bullata. C. bezziana 
is a common cause of human myiasis in India, but in Africa and in the 
Philippines it confines its attentions largely to animals. The maggots 
are very destructive and cause horrible, stinking sores. 

woiilfartia macxifica. This fly, a member of the family Sarco- 
phagidae (fleshflies) (see key, p. 76S), is found in southeastern Eu¬ 
rope, Asiatic Russia, and Asia Minor and has habits similar to those of 
the screwworms. 


I he eggs ol this fly, as of other sarcophagids. hatch before being 
deposited. I he young larvae are placed directly in the wounds or 
cavities which the fly chooses for them. According to Portchinsky 
1 >0 or more larvae are deposited at a time; one instance is recorded 
of <0 maggots being extracted from a human eye after about this many 
had already escaped or been thrown away. The larvae of Wohlfartia 
arc larger than those of the calliphorine flies and so are capable of 
even greater damage. 

I reatinent and control of screwworms. When discovered, the 
larvae should be removed as speedily as possible, especially if in the 
h<\ul. In animals the wounds should be treated with a smear devel¬ 
op* :M>y the t\ S. Bureau of Entomology called EQ 335, containing 
lindane and >V , pine oil. made up with mineral oil, emulsifier, 
and thickener (sec Bruce. 1952). This is worked into the wound with 
-"“l repeated in 5 to 7 days until it is healed. Substances like 
CO;i * * ars * ' h aggravate the wounds and retard healing. 

' * m.«n removal „t the maggots as soon as possible is indicated. 

* chloroform in a light vegetable oil or in milk is 

,! ! : ' ! ’ y tlou< ' minutes, or application of satu- 

to wounds from which the maggots are not easily re- 
, ' 1 '. 1 ' ,:l ' ‘ ' helpful if no better wash is available. 

si ’ ust >. car, etc., if not attended to promptly, 

may require s ’-g. ■ v. 

,.*■ wounds promptly and in taking 


1 nfestatioris of 

!llt % I •( 1 . I I &««Y 

4 » l \ | 1 | , i V - f | 

may r. < ji ii:e s 
Control cons 
all precautions 

C... 1 1* ft 1 

• s ls iii tnv.tii 
possihh ag. 

nr tile mlotati m 

v’illOll 1 III II I'll will ... 1 

• 1 

li' 1 n a*i infeslt 

<•■.111.111 .Mill 

d area to ;i ( 


• •• mroslaUi.il would be greatly curtailed if there were 
'I'CxummatKiii and treatment of all animals before shipment 
' mlostcil area to a distant part of the country. 

-v! method proposed by Bushland and Hopkins (1951), and 
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successfully used in Curasao in 19.54. is the mass liberation of 
laboratory-reared male flies after sterilization by irradiation. A female 
fly mates only once, and if with a sterilized male none of her eggs will 
hatch. A male, on the other hand, may mate as many as eleven times 
if virgin females are available, so he may have a considerable effect 
on the next generation. Preliminary tests indicate that if there are 
five to ten times as many sterile as normal males, there is very little 
reproduction. Since the fly survives the winter in rather small num¬ 
bers and in limited areas, extermination in our southeastern states 
might be possible by the mass liberation of treated males oyer two 
winters and a summer. In Texas it would be more difficult because 
of the vast areas involved, and because of reintroduction from 
Mexico, but Knipling and collaborators have recently reported sue- 
cessful results in Florida. 

3. Y/ool Maggots Causing “Strike" 

Sheep suffer from attacks by maggots which develop from eggs laid 
• carrion-fecdinC flies in damp wool soiled by feces or urine. at- 


by carrion-feeding 
terial action produces ammonia. 


causes dermatitis, and attracts the 


icnai action piuuuws .. , 

flies. Such an infestation is called a ' strike. The maggots eat n o 
the flesh and often cause the death of sheep. \Vool maggots arc sau 
to cause as much loss of sheep in parts of A'lslml'a » 1 ;' 1 f ; 


combined. Breeding in wool is a recently developed hab. to, he part 
of the flies—a result of changing conditions making for more I. v II - . 
more vulnerable types of sheep, and perhaps less natural food lor the 
flies. Phoenicia (or Lu cilia) oip.ina causes 96'.of the wool ...agg 
trouble in Australia and is important, ahmg with cer ain sp ce of 
Chrjsomjia, in South Africa. In New Zealand the viviparous » 
phot, stygia is the chief cause of strike early the year. ane P e cm 

ss r r: ss £ B 

in summer, and S. hull,On has the bad hal.it of leaving infest.,I 

wounds to attack soiled fleece. lWQ f„r iMv 

Good control is obtained by dipping, power-spray,ng. or prefer.,! 
high-power “jetting" of the crotch region of ewes and heads of rams 
with chlorinated hydrocarbons. Lindane, dieldrin and ale rm are- 
superior to the others because they diffuse along the woo!I l ers as the 
latter grow and give protection for 6 months: the DPH go up do o, 
do this, and chlordane docs to a less degree. I rophylactic |cttmg 
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of head, back, and crotch with diazinon or dieldrin gives protection 
for several months, and acts as a trap for the flies during the rainy 
season. Surgical removal of loose skin has been used as a prophylactic 
measure with some success. 


•I. Muscoid Skin Maggots 


Two genera of muscoid flies. C.ordylobia and Wohlfartia , pierce the 
skin of animals and develop in boil-like lesions in the skin after the 
manner of certain hots ( Dermalobia, Cutcrebra , and Hypodermo) 
which are discussed on pp. 7S6 and 789. 

African skin maggots (C.ordylobia anlhropopliafea). This 
yellowish-brown fly ( Fig. 250), called the tumhu fly. is related to the 
floor maggot (see p. 774) and. like it. is found throughout tropical 

Africa. Although rodents are 
■v probably the primary hosts, a 

w ft large number of tender-skinned 

• .'•‘I wild and domesticated animals, 

__ ^ especially dogs, are attacked, 

and man is a frequent victim. 

'• ^_ According to Rlacklock and 

4^ Thompson (1923) the eggs are 

k i/ laid by preference in dry sand 

jf v. ami occasionally in cloth if 

^ *4 * 

P . - r .r either has been contaminated by 

I Coni',Inhiu imtlao,H*,»h,iua ^creta or has body odors, so 

Un i ( >st«II..IU ....I r:|,.aim. rs. clothing left exposed to flies may 
.\ I'nouil >>f Ttopirul M,,H, i,„ . l‘»2o ) become dangerous. The eggs 

hatch in about 4 days. Upon 
mi by heat ot tomb the young larva becomes alert and active. 
!,l! ' ■ ' A : ’ ^in i to th< nearest wrinkle or crevice, tears a 
1 *' ;; • mc ,l| l | h« -.A. and within a minute or two has buried itself 
k surla e if the skin is not too tough. First attacks are pain- 

.»ic marked reactions to subsequent attacks. The three 
an- p.oscd through in S days or more: the 
; u» l pupate in the ground, the adult 
•>’* nuclei favorable conditions. 

T made some interesting observations on 

4mwing that larvae are unable to develop 
* the senior writer has interpreted as 
f '“ s " which makes it unavailable as food 

rvae * 1 hiiiminit> local and temporary in nature, grad- 


Jg. 250. Adult of Afiuan 'kin 

n.i’iUet, Coni',Inhiu iintluit,u>iihui:a. 

Ml< i < II ,1.1 Hid < 'li.ilui- lx. 

\ 'hiuuiil of Iitpi,,:! \l, tli. it,,-. H>2U .) 


ill -ru 111 


‘uc f. rvae. 
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ually spreading in the skin, and is retained even when immune skin 

is grafted into another animal. . 

The boil-like lesions are often considerably excavated, apparently 
by a histolytic action of the larvae, and heavy infestat.ons m an.mals 
may even cause death. 



Fig. 251. A. B. and C. first-. ^"d-. and 
anthropophaga; A. *60; #• * 

Ann. Trap . Med. Parasltol., 1*. 19-3.) 



third-stage larvae of Cordylobla 
(After Blacklock and Thompson. 


. with forceps, but smaller ones are 

Large maggots can be rein ffi l n T he larvae back out 

best removed by applications o * ‘ ^ of morc tlr ops can 

into the paraffin searching lor air a luretl or squeezed 

usually be induced to emerge far enough to be capi 

ou ** i ir- tnt Most of the species of Wohlfortia , 

wZtarfSSXJ ; s* 

keys, pp. 768 and 771). are not p .'"" " ( > )1 |[' Wl | ( | screwW orin, and two 
have already seen, W. -J*-* ™ leaders o, healthy skin 

American species, W • nfc ,l al,u 1 ,, „ ( ,r infestation 

Walker in 1920 young , "b i ^ rc,n by the maggots of 

t«u. c-tjfsr 

reported additional death within 10 days, 

small an.mals 5 to ““ , )V .hem on farms in the upper 

SvXy'Trobserved that the female Hies habitually 
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deposit their larvae on the skin of animals, especially young and tender 
ones, when available; the larvae are unable to penetrate adult human 
skin. 

Tender-skinned babies sleeping outdoors unscreened are liable to 
nasty infestations. Larval development is rapid, sometimes requiring 
only 5 days in hot weather but usually occupying 6 to 9 days. The 



Fig. 252. Left. XVohlfartia vigU, adult 9. (After James, V. S. Detit. Agric. 
\ftsc. Publ. 6-31. 19-17.) Hi i’ll t, posterior end of third-stage larva of same. 
(Adapted from Walker, J. Parasitol 7, 1920.) 


majority of human cases have been reported from the Toronto region, 
but scattered cases have been noted in various localities in the west 
where \V. t igf/ is replaced by \\\ apnea. This species, called the fox 
maggot, is a common and important parasite of foxes and mink in the 
west and causes losses running to thousands of dollars on farms where 
these animals are raised. Hardy do cases occur in dogs. 


o. Myiasis of the Intestine and Urinary Tract 

Intestinal myiasis. Many species of fly maggots may accidentally 
be taken into the intestine of man. To quote from Banks, "When we 
consider that these dipterous larvae occur in decaying fruits and 
vegetables and in fresh and cooked meats; that the blowfly, for ex¬ 
ample. will deposit on meats in a pantry; that other maggots occur in 
cheese, oleomargarine, etc., and that pies and puddings in restaurants 
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are accessible and suitable to them, it can readily be seen that a great 
number of maggots must be swallowed by persons each year, and 
mostly without any serious consequences." The reason for the lack of 
serious consequences is the fact that most maggots are killed in the 
stomach and thus fail to establish themselves. This is rather surprising 
since the maggots are unusually resistant to many chemicals that 
would quickly destroy other animals. Causey in 193S fed larvae of a 
number of species to dogs and cats and found the larvae to be killed 
or immobilized in the stomach within 3 hours; none of them passed 
through the alimentary canal alive. In another experiment (Kenney. 
1945) fifty human volunteers were fed living maggots of Musca do- 
mestica , Calliphora, and Sarcophagi under conditions planned to 
avoid destruction in the stomach. Fifty per cent had gastrointestinal 
disturbances—nausea, vomiting, cramps, and diarrhea—but the symp¬ 
toms disappeared in 48 hours alter elimination of the larvae, only a few 
of which were recovered alive after being vomited or passed in the 
feces. 


Possibly intestinal myiasis is associated with low hydrochloric acid 
in the stomach or with particular conditions favoring rapid passage 
into the intestine. It is also possible that sometimes the Hies get acce ss 
to the intestine via the anus rather than the mouth, lor some of the 
flies involved, particularly Sarcophagi and two species ol iannia (see 
p. 768), normally deposit their eggs in feces and decaying organic 
matter, and their eggs or larvae- would rarely be found in edible lood. 

Excluding the species ol Casicrophilus. which are true- parasites of 
the alimentary canal (see p. 792). all the Hv larvae recorded as causing 
intestinal myiasis are accidental parasites and probably m most < - ,sl,s 
pseudoparasites, actually no more parasitic than a swallowed gnldfis i. 
Some workers doubt that any of the mum rous species found m human 
feces stop to nourish themselves, much less multiply, en route but the 
evidence is against this extreme vie w, lor then- are well-autheutieatc-d 
cases of digestive disturbances occasioned b\ th in. Even '* 1 H ‘> c ° 
not attack the mucous membranes they max cause nausea and abdom¬ 
inal discomfort by their movements. 

Occasional remarkable cases arc recorded of long-standing inf* 
tions, even when opportunities for reinfection do not appeal to < xis 
There are reports of living larvae of Heshllies or their allies pers,sting 
and causing symptoms for periods of weeks or even months, in one 
case (Menus and Gilbert, 1933) for several years. In most ol 
long-standing cases the larvae concerned are those <4 ( alhphoni, 
Phoenicia, or Sarcophagi or small acalyptrate Hies of Hie genus \phco- 
chaeta (see p. 667) which might be expected to lay then eggs on 
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meat, cheese, or other foods. Micks and McKibben in 1956 reported 
a case in which the larvae and pupae of another small fly, Lcptocara 
vcnalicia , related to the cheese skipper, were found at intervals over a 
period of 5 months. The presence of the pupae indicates that the 
larvae were capable of partial development, as well as survival, in 
the intestine. 



'» mm. 


Fig. 253. M.muots o< r.isinnulK found in human faces. A and B, cheese 
skipper .iml .idolt. /’io/i/uV/j «•»*»«•». > ('. i.iM.iiled ni.iuuot. Iiihifcni tciuix. O. 

II, mi, (m illiin ns /. I.iix.i ot Ionm-i IhmimIIv, b’uunin canirularis. (Adapted 
from \ariwu' aullmr'.) 

In some cases. however. it is .i problem for a psychiatrist rather than 
.m entomologist. 1 1 it* senior writer was once informed by a woman 
that sin* had been passim* worms in her stool for over a year and 
.suiieriiig gastrointestinal disturbances from them, and she brought 
a stool sw.nniing with lar\ae ot .\pliioehaeta to prove it. She had 

been lus« inatt d by >.« »ng the larvae develop in stools saved in covered 

recept.u lcs. \\ hen. Imwvver. a fl\ light jar was supplied for additional 
sp« cimens. no more larvae were tound. 

I he commonest llv maggots ionnd in human feces are small species, 
about 5 unit. long, t! » 11 brml in dead vegetable or animal matter, 
including Piophifti ea* i. the cheese skipper (Fig. 253.4 and /*); Dro- 
><>)>h i!d. tlie I mil ll\. famous in genetics; .\phitn liacta: Sepsis: etc. The 
! most ot these ha\c the posterior spiracles on tubercles but 
utheiw isc resemble miniature housefly larvae. Some, like the cheese 
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skipper, can flick themselves about; the presence of this species is 
sometimes considered a mark of particularly good cheese. Other 
maggots occasionally found and connected with digestive disorder are 
two species of Farmia (Fig. 253E); Musca domestica; several species 
of fleshflies ( Sarcophaga) (Fig. 254); rat-tailed maggots (Tub,fern 
( -Eristalis)) (Fig. 253C); and a soldier fly. Hermetic illucens (Fig. 
253D). The characteristics of these will be found on pp. 768 and 11 1. 





‘COIK1 


J.iry wound imadcr. A. 
■ i'll "I It if". ( . IIMMltll 

larva; B. posterior end of same slnming n ' jj |.„ 

hook and cephafe-pharyngcAl skeleton - 1 ' Smith 

tcrior spiradc. (A and B after J.'im'. M 

V. S. Dept. Auric. Misr. Buhl «'»*. 


Fl 9 . 254. Larva of Sarcophagi crasxipalrh. •» 

..*.. I,.! D. an- 

from James, 


•is* 


tllfso 

.•ml cause l«*>s 
MTtfao etc. 


ly maggots 
*1 appetite. 


Although undoubtedly harmless in ntosi 
sometimes damage the intestinal mucosa 

diarrhea, vomiting, colicky pains. hea» •*» ■ ( , . purees 

and various anthelmintics used l<*i ' c-speciallv 

course, consists principally in In-in* ^^ “I" and partly decayed 

in regard to such foods as raw \« 

fruits and meats exposed to Hies. „ 1( . Ilrill ary passages. 

Myiasis of urinary passages. ■ . ■ .. . (1( The 

both urethra and bladder, is a rJ " ||v ,„m. ularb. and 

flies implicated are usually the l« ss» 1 write r in 19-11 re- 

the closely allied latrine fly, F. scalar is. ^ r ^ vt . rt .,,_ most cases 
ported a case in which Phacnu mbr ■ „f the urethra, 

infection occurs from eggs laid near the int „ the 

the larvae working their way up into this tube 
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bladder; apparently they need very little oxygen. One case of infection 
of a boy’s bladder by the larvae of a Psychoda was recorded by Patton; 
he thinks that the larvae burrowed through from the rectum to the 
bladder. Iloeppli and Watt found that larvae of Clinjsomtjia mcga- 
cephald when placed in the urinary bladder taken from a freshly 
killed pig and filled with human urine, if fed daily, would live for 9 
days, whereas Phoenicia scricata lived only 3 days. Contamination 
is favored by sleeping without covers in hot weather, giving flies free 
access to the anal and genital region. 



• : *3- 255. n>rnn;h>hui Iwininn adult 9. (After James, V. S. Dept. Auric. 

M:>r. /»,/•/. tai. PJI7.) 

BOTFLIES 


''kin llot> (Culerchridac) 


I ’.is family are robust hairy flies distinguished from 
* duo anil 11\podermatidae) by having a deep groove 
im’.i i the hi id containing a reduced proboscis. 

I )i*riualobi;i h«»mini>. This big. blue, brown-winged flv (Fig. 255) 
loon.’ Ii'on Mexico to northern Argentina. Its larvae develop in 
i.m\ uiiuiuU. including cattle, dogs. hogs, goats, turkeys, and, more 
horses, mules, <>i man. The maggots of this fly. called "berno - 
h.i/i. and “torsalo” in Central America, are undoubtedly the most 
liens and damaging parasites of cattle in Central and South America. 


in 
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They retard growth, lower meat and milk production, cause anemia 
and digestive disturbances, and riddle hides until they become worth¬ 
less. Human infestations are contracted chiefly in low forest regions 
and seldom in houses. Young children exposed outdoors may be 
severely affected, and occasionally are killed by them, as are cattle. 
Many calves are killed by secondary infestation by screwworms (see 
p 776) 

The adult fly is about the size of a large blowfly, with the legs and 
face yellowish, the thorax bluish-black with a grayish bloom, the 
abdomen a beautiful metallic violet blue, and the wings brown. 



g. 256. Dermatobia ho minis: A, first-st.iRc l«rya; 

A. adapted from Blanchard, fro... Nevcii-I-enn.ire. I '<"• 
t vMrinalre. II. Entomologic. Vigot Frcro. B. original. 


li . third-stage larva. 
ilc zoologic medicate 


The method bv which these Hies give their offspring a start in life 
is unique. When ready to oviposit, the female captures an insect 
usually a large mosquito of the genus Psora,,I,ora but occasionally 
various other Diptcra or even ticks, and glues her eggs by means of an 
adhesive, quick-drying cement to the underside of the abdomen of her 
captive (see p. 758 and Fig. 244). A total of 200 eggs may be laid by 
one female fly. 8 or 10 to several dozen on individual mosquitoes. 
The eggs require several days' incubation before they are ready to 

ha When mosquitoes burdened with ripe eggs alight upon the skin of 
warm-blooded animals the maggots emerge, penetrate the skin of tin 
host, and begin their development. If the young larva does not have 
time to emerge while its mosquito transporter is biting it is said 
draw back into the egg shell and await another opportunity 

The larvae mature in the host's skin u. 5 to 10 weeks. Tiny ulti¬ 
mately reach a length of 18 to 24 mm. (Fig 256). The anterior end 
of the larva is broad and is provided with double rows of thorn¬ 
shaped spines; the posterior portion is slender, smooth, and retract! e 
As the larva develops, a boil-like cyst forms about it opening to tin 
surface of the skin by a little pore which is plugged by the posterior 
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end of the maggot and is used for obtaining air. At intervals these 
warblelike boils cause excruciating pain. When mature, the larvae 
voluntarily leave their host and fall to the ground to pupate They 
transform into the adult form in the course of several weeks; the 

entire life cycle requires 3 to 4 months. 

After the larvae have evacuated their cysts or have been removed, 
tin- wounds sometimes develop serious or even fatal infections, or are 
invaded by screwworms. To remove the maggots, frequently tobacco 
juice or tobacco ashes are applied to the infested spots, thus killing the 
worms and making their extraction easy. Another method used by 
natives in some parts of South America is to tie a piece of fat tightly 
over the entrance to the boil. The larva, deprived of air. works its 
way out into the fat. being thus induced to extract itself. A much 
more satisfactory method is to enlarge the entrance to the cyst with a 
sharp clean knife- and remove the worm with a forceps. Antiseptic 
treatment ol the- wound obviates danger of subsequent infection. The 
wound heals quickly but leaves a scar. Treatment of Dcrmatobio 
lesions in animals with smear K< % > 335 (see p. T7S) or 4'* lindane in 
lubricating grease and used engine oil is very effective. 

Good control is obtained by spraying animals with chlorinated 
hydrocarbons twice monthly, or by means of arsenic dips. On one 
I arm in Nicaragua about S50 Pcrmatobia larvae were extracted per 
animal during 9 months preceding treatment; 9 months after treat¬ 
ment there was less than 1 per animal and no lioophihis ticks (I.aake. 
1953 h llvpodermic injection of 10 mg. per kilogram of lindane at 
intervals *4 20 days, or addition ot that amount to food at those 
intervals, reduced the infestation per animal very markedly (de Toledo 
d saner. 1950 i. Injection of certain organic phosphorus compounds 
t f his rate it about 10 mg. per kilogram, or their oral administration 
•el loo mg. per kilogram, which was found effective for Hypo- 
i d tl.ei ectoparasites in cattle, should be worth a trial. 
•'.liter, nr,i spp. This genus contains a number of species of large 
t:. , t: <• larvae ol which develop individually in the skin of 

r« : -utr a i i !.» bits. laiiK frequently in cats, and rarely in dogs. The 
mli ■jm \n » r n are large robust maggots, sometimes over an inch 
1 •mg: *he\ ar« i ah recognized by their complete covering of black 
.spines " hi « thi i jet black color. The younger instars have 

•il\ rm ot spiiu . I snail) an animal harbors only one or a few 
maggots, but nceasioualh there are more. 

\* ••nlmg t" I kilmat 1912 the Hies lax very large numbers of eggs. 
dep<vs:9ng them in th« burrows or habitats ol the host, where they 
hatch internntlcntly. I he larvae attach themselves to a host when 
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the opportunity comes. They live in the host about a month and have 
a long pupal period in the soil; probably there is usually only one 

brood a year. , . 

The maggots seem to be definitely injurious to their hosts, some¬ 
times causing parasitic castration. Culerehra les.ons m cats and dogs 
are remarkably dirty and persistent. Most screwworm infections in 
rabbits develop in Culerelna sores. Infested squirrels are considered 
inedible by hunters and are thrown away. 



0. 257. Left, common cattle nn.h «>i " '«> 1 
(after Ja.mv S. Dept. ' 

»rva of same (after Cameron. Trims. I lie « " “ 

9, 1937, from James). 


//*/#»'*•/• l'"' ‘ it,r 

Iliuht. Ihml-Majte 
s , m - Scotluml. Sir. 5. 


2. Bo„ Causing War.. in Cul.lr * .> 

HynoJerma. The warble or heel <1- " 

(see key, p. 769. and Fig. 2o. •. l, " r ( f lhc | e( , s lir flanks of 
lay their eggs on the hairs ol Ok- 'o' 1 a „ n oyaiice is pur. ly 

Cattle, causing them great anuos.. - ct t | le anim als act terror- 
instinctive, for the flies do not bite or st - 1111; ,| rl,c 

stricken. One fly may deposit 100 Z* ' burrow into 

eggs hatch in a few days; the M>'"> ' ( .. linl( | c among the 

tile skin, and then for several .. - _ f „ .ommonly 

viscera in the abdomen and sionalb enter the 

invade the walls of the esophagus an During this 

spinal canal, whereas tor //■ ho,is the reverse .s tru.. 
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migratory phase the larvae are glassy smooth and grow to a length 
of 12 mm. 

Toward the end of the winter they begin to appear in the skin of 
the back, where they form little cystlike lumps or warbles. The larvae 
(Fig. 257, right) develop in the warbles for about 1 to 3 months, molt 
twice, and become opaque, warty maggots which make a little breath¬ 
ing hole in the skin, into which they thrust the posterior end with its 
spiracles. The warbles usually appear in early December in the 
South, in mid-February in the North. The grubs usually emerge in 
spring or early summer, fall to the ground, and pupate. The pupae 
are very resistant to cold but are killed by excessive moisture. The 
adults emerge in 2 to 7 weeks. They have a flight range of about 
3 miles. 

The two species in cattle, //. bovls and //. Uneat a (see keys and 
Fig. 247). are much alike in their biology, but //. bovis appears about 
a month later than II. lincata in all its stages. In the United States 
this species is limited to the northern and central states. In Europe 
II. (liana is a common parasite of deer, and a related species, 
Ocdnnagena tarandi , damages the hides of reindeer. In India H. 
emssii attacks goats, but this species is said to undergo its entire 
development in the skin of the back. 

Illfpodcrnui larvae are occasional accidental parasites of man, but 
being in an abnormal host they do not behave in a normal manner but 
wander aimlessly in the skin, causing “migrating lumps.” Ihjpoderma 
larvae are the commonest species that invade the interior of human 
eyes; possibly the flic s lay their eggs on the eyelashes or brows; 
usually the cases come to the attention of ophthalmologists in winter 
‘»r early spring, long after the fly season ( Kriimmel and Brauns, 1956). 
Ilijpodrrma has been reported to cause myiasis of the human eye in 
Norway and Russia. 

W.iibl. s cause losses amounting to millions of dollars by irritation 
to cattle caused by the larvae, annoyance caused by the flies, and 
damage to hides. 

Since there is no wild animal reservoir for the cattle grubs, com¬ 
munity cllort has brought about great reduction of them. By con¬ 
tinued cllort and broadening of control areas, extermination would 
be possible, and then lltjjtodcnna , like Boophilus, would be only a 
memory in this country. 

I*or external treatment derris or cube powder containing 5 r /c 
rote none is rubbed into the warbles, or the backs of the animals are 
sprayed with a roteuone emulsion (12 ounce 5*'o powder per gallon, 
plus a detergent and Toluene). The applications are made 30 days 
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before the time for the warbles to appear, and then every 30 days 
during the season. Such treatments, however, fail to prevent injury 
to the hides. Oral administration of insecticides in capsules or in 
food, or subcutaneous injections, destroy the grubs during their internal 
migration. Certain of the organic phosphorus compounds in capsules 
at about 100 mg. per kilogram given orally twice. 3 months apart, 
kill the larvae before they injure the hide but does not kill them 
after establishment in the warbles. Such treatments are also effective 
against most ectoparasites and also Dcrm,Uobi„ but the possibility of 
toxic effects has not yet been entirely eliminated. Addition of dieldr.n 
or lindane to cattle feed at 1(M) ppm. or of phenoth.azine ... salt 
mixtures are also effective; according to Kussian reports, subcutaneous 
injections of 10% aqueous suspensions of phosphorus compounds at 
about 10 mg. per kilogram at appropriate times 30 days apart also 
kill the larvae before the warbles develop; the injections are said to 
be harmless, and not to appear in milk. 


3. Head Bots (Oestridae and Cutercbridac) 


The family Oestridae contains robust Hies with a hairy "pile” of 
black yellow or gray. These, while on the wing, deposit the r 
newly hatched larvae (or eggs in some species) ... or .... the^noslnls 
of sheep, goats, deer, and camels, or. rarely. ... man. Tlu " 

large grubs an inch or ...ore long. The import..., spee.es are ' 
ovfs. a World-Wide parasite of sheep and goats Kf.moes/nrs «. « 
of horses in the Old World. Ce,.Wo/m.« 

Africa and Asia, and Ccpl.cncwyui spp. of ...embers ol tl.e la, . 
in North America and Europe. 

Oestrus ovis. This grayish-brown fly. ....ported from Cm op, 
a pest in southwestern United States, where over -to . of sl, ‘‘ ’ • 

goats are infected. Sheep have a.. fear of the l.es ,1. 

become nervous and collect in groups with then- noses close to tlu 
ground, and stop feeding, with great loss ol sMt. 

The flies deposit their larvae in tlu- nares. but after 2 or 3 
the larvae invade the frontal sinuses and so,netm.es other parts o h 
head. In 2 or 3 more weeks in summer they arc- m j 

long grubs which work their way back into the nostr.ls, drop out and 
pupate in the ground to emerge -I to 6 weeks later as adult II.es Ol . 
half-grown larvae enter the sinuses vacated by the grown >j ubs and 
so the process continues as long as warm wca » r as s. , 

larvae do not survive freezing, but nature bas prov .led a I, 
protection against that hazard. When cold a.r enters the noslnls. 
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young larvae become dormant and remain so until the next spring, 
when they migrate into the sinuses and finish out the life cycle. The 
full-grown third-stage larvae are recognizable by their characteristic 
spiracles (Fig. 247). The larvae cause a profuse discharge of mucus 
(snotty nose) which causes considerable distress in old or weak sheep, 
but little in healthy ones. 

This fly sometimes deposits its eggs on the eyes, nostrils, and lips of 
shepherds whose breath smells of fresh sheep or goat cheese or curds. 
These grubs, unlike Hypodcrma, arc rarely found inside human eyes 
but on the surface of the conjunctiva where the young larvae, 1 mm. 
long, are deposited. The pain compels prompt treatment. 

Effective treatment is possible only against the young larvae still 
in the nares, and then only in cold climates where the dormant larvae 
can be killed in late fall or winter. Recommended treatments are 
irrigation of the nares with 3'7 lysol. with the help of special equipment 
(Cobbett, 1956), or spraying the nostrils with 10 ml. of emulsified 
ether extract of male fern (see Lindquist and Knipling, 1957). 

Other head hots. The larvae of the purplish-luied Rhinocstrus 
purpureas are frequent parasites of the heads of horses in Europe, 
Siberia, and North Africa. Like the sheep hot. this fly sometimes 
darts at human beings and deposits its larvae in the eyes, where they 
may cause serious damage if not promptly removed. One oestrid, 
llooponus intonosus, the hoof maggot of Celebes and the Philippines, 
lays its eggs on the feet of cattle and the larvae develop there. 
Ccpliatophui titillntor causes great discomfort to camels; it lives in 
the nostrils and nasopharynx for 10 or 11 months. 

The deer head hots, Ccphcncmyia spp. (family Cuterebridae), arc 
known to hunters. Nearly all deer are infested by them, but they 


we 


seem usually to do little damage, though sneezing fits are sometimes 
observed as are occasional cases of "craziness,*’ possibly due to rare 
penetration of the parasites into the brain. The adults of Ccphcncmyia 
are among the swiftest fixing insects known; they are said to get up a 
speed of S00 miles an hour! Females are rarely seen. The males of 
our western (.’. jcllisoni rest on sun-warmed rocks on inaccessible 
moimtaiutops. Ragging one is more of a feat for a hunter than getting 
a mountain goat or a condor: when found in their remote retreats they 
have to be shot with .22-caliber dust shells! 


4. Horse Rots (Cnsterophilus spp.) 

The genus Gastcrophilus, constituting a separate family Gastcro- 
philidae (sec key, p. 769), contains flics, the larvae of which develop 




Fig. 258. Casterophilus. A. eg* <•* <•’ Inl. 'liw.lh: It. .-#Sof C. .i.i..ifn; C. .*« 
of G. hatmorrhoklallt; n. egg i>ki»I«.ik "idorin* •■,.!. .ul.. .1 larva of C ‘‘- 

tlnalis; E, first-stage larva .,1 .. / Maul - .v. Ian . -I -«"■ <- ■ ' 

rhalclalis. (A-E and C adapted from Had". ... Canu rnn. Em. It. 

9, 1918.) 


in the stomach or rectum of horses. The . lolls are hairy, boclike 
flies, clothed in dark brown or black « h yellow markings, and one 
species has an orange-red tip to the ab-lom... ( l-'g- <• 1 1 

of the commonest species. G. inlusUnah*. nas. smoky markings (l ig. 
246, 6). The abdomen in the females is cl.gated. 

Each of the species has somewhat dillc ul habits, but all cause an 
amazing amount of annoyance while lavum eggs, I ic >ors« s mom...-, 
excited and often frantic; on warm da a horse may be so worned 
fighting botflies (gadflies) that he cannot gru/c at all. The adults 
usually live for oi.lv about 3 to 10 days, but during that time a Icmal. 
lays several hundred eggs which she attaches to hairs on parts »l Un¬ 
horse which vary with the insect species. C. perconnn is an exception 
(see below). The first-stag.- larvae (Fig- 258. t) have rings of b aek 
spines; third-stage larvae (Fig. 258. F) are hear> -bodied and rather 
squarish posteriorly; all but inermi s have heavy spines on son,, ol - 
segments—one row in nasalis, two in the others. In . m is "" s 
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spines of the first row are larger than those of the second (Fig. 258, F), 
and vice versa in huemorrhoidalis. 

The common horse hot, G. intestinalis (=* equi ), lays its eggs on the 
hairs of the forelegs of the horse, where they incubate for 1 to 2 weeks. 
When ripe, the warmth and moisture of the animal's tongue when 
licking cause them to hatch and adhere to the tongue. In the mouth 
they excavate tunnels under the mucous membranes, principally of 
the tongue, and after 3 or 4 weeks migrate to the stomach, where they 
live in the lumen, often in large colonies, until mature and ready to 
pupate. They then release their hold and are passed in the droppings. 

G. hacmorrhoidalis (nose fly) (Fig. 258. G) strikes at the lips to 
lay its eggs. The young larvae burrow about in the lips and tongue, 
later developing in the stomach and duodenum. This species leaves 
these parts in early spring and finishes its development in the rectum. 
G. tin.sal is (chin fly) lays its eggs on the chin and throat, where they 
hatch unaided. The larvae crawl to the lips to enter the mouth, and 
invade spaces around and between the teeth, below the gums, causing 
pus pockets. They may live in this locality for a month and undergo 
their first molt before they continue on their way to their final site of 
development in the lower stomach and duodenum. G. inermis lays 
its eggs on the cheeks, where it causes a dermatitis; the larvae burrow 
through the tissues to the mouth and then go to the rectum. G. pc- 
voruin lays its eggs on the hoofs sometimes, but usually on food or in 
pastures. \\ hen the eggs are ingested they hatch in the mouth, burrow 
into the mucosa, make their way to the esophagus and stomach, and 
eventually go to the- rectum and reattach before finally leaving the 
body. 

A few horse hots do very little damage, and some farmers think that 
a horse just naturally ought to have a few. but when numerous the 
hots cause gastrointestinal disturbances. The worms in the stomach 
are persuaded to let g,, by giving carbon bisulfide in gelatin capsules 
at the rate ol 1.5 drams per 250 lb. of horse. Toluene given by stomach 
tube t 10 ml. per 1(H) lb.), being tested against Ascaris in horses, was 
found by I odd et al. to be very effective against G. infest inalis but less 
so against G. nasal is. 

Gaslcrophilns oc casionalK penetrates into man. but instead of behav¬ 
ing in an orthodox manner, the larva wanders about under the skin 
and is called a larva migrans.” G. intcstinalis is the most common 
species concerned in this. 
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The following periodicals are .hose in which a very co„s.acr., .l p..r, of 
literature on parasitology can Ik- found, either m ong.nal or ahs, . c. non an 
which are therefore desirable in libraries where paras,tolog.es..I s - > r ..rth 

is being carried on. The starred periodicals are the 

nr references. Important general books on paras.tolog> ar, listed a. th. end 
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Anales del Instituto de Biologia, Mexico City, 1930- 
Annales dc la societc beige de medecine tropicalc, Antwerp, 1920- 
Annalcs de parasitologic humaine et comparee, Paris, 1922- 
Annals of Tropical Medicine and Parasitology, Liverpool, 1907- 
Archiv fur Schiffs - und Tropcn-Hygiene, Leipzig, 1897-1945. 

Archives de parasitologie, Paris, 1898-1919. 

Boletin de la oficina sanitaria panamericana, Washington, 1920- 

Brasil-Mcdico, Rio de Janeiro, 1887- 

British Medical Journal, London, 1857- 

Bulletin dc la societc dc pathologic exotique, Paris, 1908- 

Btillct in of Entomological Research. London, 1910- 

China Medical Journal, Shanghai, 1887-1931, continued as Chinese Medical 
Journal, 1932-1940. 

Complex reiulus de la societc dc biologic. Paris. 1849- 

°Exccrpta medico. Sect. IV, Medical Microbiology and Hygiene. Amsterdam, 

194ft- 

Cenec.skundig Tifdschrift voor Ncderlandsch-lndic. Batavia, 1852-1941. 

• Helminthological Abstracts. St. Albans. England. 1932- 
Indian Journal of Medical Research. Calcutta, 1913- 
Indian Medical Research Memoirs, Calcutta, 1924- 
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Journal of the London School of Tropical Medicine. London. 1911-1913. 
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Lanret. London, 182-3- 
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Mi Muirs. Liverpool School of Tropical Medicine. 1901-1906, 1924- 
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/>’« i n *i of Applied Entomology, Series B (Medical and Veterinary). London, 
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Rciista ihem >!> i^rasitologia. Madrid. 1940- 
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Bulletin, Weymouth. 1911- 
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of Expert Committees, Bulletin, and Chronicle, Geneva. 
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Z eitschrift fiir Parasitenkundc, Berlin. 1928- 

(Vols. 1 to 6 as Zeitschrift fur Wissemchaftlichc Biologic, Aht. F.) 
Zeitschrift fiir Tropcnmcdizin und Parasitologic. Stuttgart. 1950- 
•Z cntralblatt fiir Bakteriologic und Parasitologic. I Ahtcilung. Original und lUferat. 
Jena. Germany, 1887- ( Refcrat contains references and reviews ol many 

articles dealing with infectious diseases.) 
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Ahlastin, 28 
Acanthella, 384 
Acanthocephala, 382 

Acanthochcilonenui, see Di/uialonema 

Acanthor, 384 

Acaridav ( - Tyroglyphidae). 543 
Acaridiac. 543 
Acarina. 540 
Acarus, 559 

Acetic acid, to kill Protozoa on vege¬ 
tables, TO 
Acnidosporidea, 49 

Acrunil, 344 

ACTH, in hclmintb infections, 411 
Actinopodca, 49 
Adclcidu, Adeleina. 16-3 
Acdes, 730, 743 

At'KVittlanctoi indlorum, 196. 596 
Aelurostrongylus, 446 
Aerosol sprays, 535 
Agamctoblast, 46 

Airplanes, in dissemination of aithro- 

pods, 190, 532 
A lac. 391 
Alaria, 268 

Aldehyde ( fonnol gel) test. 12 ' 

Aldrin. 533. 779 
Allantosoma infcstinalis, 50 
Allergy and allergic reaction*.. 29. 295. 

488, 507. 529 

Allodertnonyssus sanguineus, 557 
Alula. 003 
Amblyccra, 634 
Ambli/tunina, 581 

Amelias, in children. 03: classification. 
48-49, 58; copro/oic, 60; cultivation. 


59-60: diagnosis. 60-62; encystment. 
57; habits. 55-56; host specificity . 58- 
59; intestinal. 62-81; mouth, 81-82. 
pathogenicity. 67-71; species in man. 
57-58 

Amebiasis, amebic dysentery. 69-70; 
diagnosis. 60-62. 74: distribution and 
incidence. 62; epidemiology. 72-* 4: 
extr (intestinal. 70-71; factors deter¬ 
mining pathogenicity . 71: pathology. 
67-71: prevention. 76; transmission. 
72; treatment. 74-76 
American leishmaniasis. 118-120, 126- 

129 

Ammonium sulfate. 313 
Anmicohi, 314 
Anmicolidae. 270 
Ainochid.i. 55 

Amphibia, helminths. 275. 320. 346. 
388. 465. 501; Protozoa. 87. 91. 105, 
I 34. 204. 242 
I Amplnds. 393 
Amnhilinn lotiacca. 341 

Amphilinidea. 340 

Ainplwnirus. 309. 314; pseudofehneus. 
314 

Amphipods. 388. 518 
Amphistomes. 315 

AMS 111 technique, 253. 304 

Aniii'lasina, 218 
Ancylidac. 284 

Amylostoma. 420; brazilienyc. 420; 
caninum, 420; ccybiiiu him. -120; d mo- 
dcnalc. 420; see also hookworms 
Aneylos6»ii»i*lae, 4IS 
Anepitheliocystida, 273 
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Anisogamy, 46 

Annelida, 240; intermediate hosts of 
flukes, 247 
Anopheles, 729, 734 
Anophelini, 729 

Anoplocephala, 355; species of, 373 
Anoplocephalidae, 355 
Anoplura, 528, 617; of animals, 633; 
human, 620-627; key to families, 
620 

Antelopes, 139 

Anthelmintics, general characteristics, 
254; history, 9 
Anthiomalinc, 123, 292 
Anthrax, 226 

Antimony drugs, 123, 145. 292, 312; 
helminths, 292, 312, 482; for Proto¬ 
zoa, 123, 126, 129 
Antricola, 577 
Antrycidc, 158 

Antrypol (Suramin, Bayer 205), 145 
Ants, 309 
Antu, 660 
Apaulina , 774 
Apes, sec Monkeys 
Aphnsmidia, 397 
Aphiochaeta, 783, 784 
Aptcrygota, 527 
Arnchnida, 518 
Archiacanthocephala. 384 
Arduenna, 498 
Arccoline hydrobromide, 344 
Argus, 577; pcrsicus. 579; icfexus, 579 
Argasidae, 542, 577; ami relapsing lever, 
587 

Arilus, 610; cristatus, 613 
Arista, 664 
Armadillo, 149 
Artnigcre\ obturbans, 751 
Annillifcr, 565; species ol, 565 
Arseuainule, 183 
Arsenic, insecticide, 533, 598 
Arsenical drugs, 129. 145. 222, 482 
Arsephenamincs, 129 
Arthropods, airplane divsemination, 532; 
allergy and immunity, 529; dassifica- 
t»on, 517; disease transmission, 530; 
elicits ol biles, 528; insecticides, 532, 
methods of applying insecticides, 534; 


as parasites, 528; relationships, 517; 
repellents, 536 
Ascaridata, 398, 450 
Ascaridia galli, 451 
Ascaridoidea, 450; of animals, 457 
Ascaris, 450; columnaris, 458; lumbri- 
coides, 450; strum, 457 
Ascarops, 498 
Aschelminthes, 239 
Aschiza, 667 
Asellus, 388 

Asp (puss caterpillar), 767 
Aspidium, 254, 344, 389 
Aspidobothrca, 262, 273 
Aspidogastridae, 270 
Atebrin, 102, 187, 344 
Auchcromyia, 769; lutcola, 774 
Aurcomycin, 75, 94, 108, 217 
Australorbis glabratus, 286 
Avioserpens, 503 
Axoneinc, 41 
Axopodia, 40 
Axostyle, 42, 89 
Ayerza disease, 290 

Babesia, 196-198; bigemina , 198; bovis, 
197; cunis, 198; other species, 197- 
198 

Babesiida. 164. 196 

Bahcsiidac. 164. 196-199 

Bacteria, arthropod-borne, 214-226 

Balantidium coli, 106 

Banti's disease, 290 

Bartonella, 218; bacillifurmis, 218 

Bartooellaceae, 218 

Basal granule. 41 

Basis capituli, 570 

Bats. 149, 157 

Bayer 205, see Antrypol; Bayer 7602, 
145 

Bdellunyssus, .see Ornithonyssus 
Bedbugs, 602 

Beetles, causing myiasis, 767; helminth 
vectors, 368, 371, 375, 498 
Benzene hexachloride, 533, 597, 614, 
760 

Benzyl benzoate. 294, 537 
Bcrbcrine sullate, 126 
Berne, sec Dermatol)in liominis 
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Bertiella studeri, 373 
Besnoitia, 166. 204 
Beta naphthol, 319, 550 
BHC, sec Benzene hexachloridc 
Bilharzia, name. 289; see also Schisto¬ 
somes 

Binomial nomenclature. 31 
Biomplwlaria, species of. 2S6 
Birds, Acanthocephala. 388: hues. 004; 
Coccidia, 209; Diptera. 707. 753. 700. 
774; encephalitides. 229; fleas. 657- 
658; flagellates, 90. 97. 103. 132: 
flukes, 295, 321. 326. 327. 328; llcpa- 
to zoo n, 204; leeches. 242; lice. 6>4- 
637; mites, 542. 555. 557; nematodes. 
403; Pentastomida, 563; Plasmodi- 
idae, 165; relapsing fever. 221. 5S7; 
tapeworms. 345. 375; Toxoplasma. 
201; tularemia, 594 
Blackflics, sec Simulium 
Blackhead, 103 

Black rush or black scours, 444 
Blackspot. 326 
Black water fever, 191 
Bladderworms, 355 
Blastocyst is. 61 
Blepharoplast. 41 

Blowflies. 697; see also Calliphoridac 

Bodo, Bodonidae, 87. 89 

Body lice, 621 

Boophilus, 583 

Booponus informstis, 792 

Borrclia, 219-222; host specificity. 630; 

louse-borne, 221 . 610 ; tick-tonic. 
221, 587 

Botflies, 786: head hots, 791: horse hots. 
792-794; key to adults, 76S-77I; key 
to larvae, 771-773; skin Ix.ts. 786- 
789; warbles, 789-791 
Bothrioccphalus, 346 
Bothrium, 346 

Boutonncusc fever, 216, 592 
Brachyccra, 666 
Brill's disease, 628 

Broineliads and mosquitoes, 725-.26; 
control, 763 

Bronchial spirochetosis, 221 
Brotia asperata. 301 
Brucellosis, 595 


Buccal capsule. 393 
Buffalo gnats, see Simuliidae 
Bugs, see llemiptcra 
Buliniinae, 310 

Bulitnus, 311; fucltsianus, 311. 312; ten- 
tacid at us. 312. 313 
Bulinidae. 270. 296 
Bulinus. 287; species of. 287. 288 
Bullis fever. 218. 593 
Bunostomum. 489; phlcbotomum. 439 
Bursa, 391 

Bytldnia Icachi. see Bulimus tcntacu - 
latus 

Bythininac. see Bulimmae 

Calabar swelling. 436 

Calcium c>anamkle. 275 

C allipliora, 768 

Callipborulae. 697. 768 

Callitroga. 76S; liominocorax ( - amcri • 

(rind). 775-779 
Calypters. 664 
Cainallanata. 503 
Camharus. 303 

Camel, arthropods. 613. 791; helminths. 

296; Protozoa, 137, 157, 208 
Caniero-toinc. 570 
Cauioiorm. 76 
Cjm<M|uin. 102. 188 
Canker. 97 

Capdlaria. 400; species of. 403 
Capitulmn (or gnathosoma), 570 
Carbarsone, 75. 94. 106 
Carbon bisulfide, 794 
C.u hi >ii tetraehloride, 319. 414 
Carnivores. Acanthocephala. 388; aim- 
has. 59; arthropods, 655; flukes. 296. 
299. >09, 321; nematodes, 401, 403. 
411, 445. 458. 484. 498; relapsing 
fever, 588; tapeworms, 345. 355. 361, 
371; see also Cats, Dogs, etc. 

Catpodypirns. 559 
Carrion's disease, see Oroya fever 
Caruncle. 540 
Caryophyllidea, 340 
Cats. Acarina. 544. 548; amebas. 67; 
Coccidia, 209; flagellates, 149; fluke-. 
321; insects. 606 617 . 655. 657. 788; 
nematodes. 403. 422. 457; Pentaslo- 
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inula, 565; (.) fever, 595; tapeworms, 
571; licks. 586; Toxoplasma. 201 
Cattle, Babesia and Tbeileria. 197. 198; 
Cuccidia. 207; Diptera. 676, 679. 689. 
695, 691. 707. 776. 786. 790; flukes. 
296, 504, 507. 309; insecticides for, 
551; mites, 549; leptospirosis. 226; 
lice. 635; nematodes, 443, 489. 505; 
Pentastomida, 565; Rickettsia. 216; 
Rift valley fever, 229; tapeworms, 
359. 565; ticks. 581. 582, 595; Tricho¬ 
monas foetus. 95; tr>’panosomes, 131, 
157 

Crc .iI worm, see licit rakis 
Ceiitriole. 40 
Cephalohuenida. 565 
Ccithalopma titillator. 791 

Ccphencmyia, 791; iellisoni. 792 
Ceiatophyllidae, Crratophylloidca. 615, 
647 

Cvraloplpillus. <*47; species of. 658 
Ccratopogoiiidae, see ll«4cid.ie 
Ccrcari.ie, 266. /«»h»i and hartmanni. in 
annelids. 217, sprues causing derma¬ 
titis. 295 
Cerconier. -558 
Ccrconumas, 87 

Cestoda, -540; see also Tapeworms 
(a'stodari.i. 510 

Ccsloidea, -5 52 t lassifi, ation, 540; SCC 
also Tapeworms 
( habertia ovina. I 10 
(ihagas disease 147 
Ch.igoma, 155 
( I.*-, s,* skipp, r. 7S4 
( hcilosptni’ii. 50 ; 

< helu erae. -572 

< h* iiiotlierapy. !.r-t r> ,.l. 9 

( lienopodium. oil. 255. >19.402 156 

( l.eyli tkla. 512 

Ch> y/efi* Ha. 5ol 

Jhiikeii. l!«4.. ,2s i.,wlp.»\. 242: in- 
m ' s '. s , *-04. M 56, li >7. 657 . 695. 715; 
mills 5»4, .5>-> *55. 557. nematodes, 
40 138. 498: Pruto/ i 97. 195, 209, 

’i*. ipcworni'. V7t> 
lii. In » .!«er, i 19 

'f.igv . ilea'. 65S. \<v also Redlnigs 
i cilmuasUx mcouli. '17 


Chiniofon. 75 
. Chitin. 519 
Chlamydozoa. 227 
Chloramphenicol, 217 
Chlordanc, 5-5-3; for Acarina, 598; in¬ 
sects. 660 

Chlorguanide, see Paludrine 
Chlorinated hydrocarbons, 532, 597; 

sec also DDT, etc. 

Chloroform, for screwworms. 778 
Chloromycetin, see Chloramphenicol 
Chloropidae. 668, 707 
Chloroquine, 102, 188. 504 , 313, 544 
Chlorthion. 554 
Clioeromyia . 774 
Clioeroslrongyhis, 446 
Chonotrichida. 106 
Charioptcs. 54 5 
Chminatoid l*odies, 44 
Clmisonujia, 768; bezziana. 778; mega- 
ccpliala, 775, 786 

Clirysops, 688. and disease, 690, 691; 

sprues of. 690-691 
Cbnjsozona. 688 
Cilia. 42 
Cilutcu. 49 
Cihates. 42. 49, 105 
Cihophora. 49 

Cimcx. 002: leclularius, bemipterus 
( rotuiulalus). 603; other species, 
604 

Ciinu ulae. 602 
Clone I la. 270; lubriea, 507 
Cirri. 12 
Cimpuha, 518 
Cirrus, , irrus >ac, 262 
i' ittotaenui. 37 5 
I'lasp.-rs. 525 
( lin.’shtinum. 507 
• 'loicliis stnensis. 309 
Cfi. »■.:</ < opu '. see Knemidocoples 
c.epbia peeuanitn, 684 
«'iiidosjv irulea. 49. 161 
l .-I >1 erysipelas. 192 
(Jis.idia, 205 
C H cuhida. 161 
(' •« hhiinit/ia. see CuUitroga 
(5uki-'.Klies. %»•<• Roaches 
l WlOIIHHA tes. 392 



Coe nums, 355; cerebral is, 361 
Cokoptera, 527; see also Beetles 
CoUyriclum fa ha, 299 
Colorado tick fever. 596 
Colpoccphalum. 636: species of. 6H> 
Columbicola, 636; columbae. 6V7 
Complement fixation. 31: sec Serological 
tests 

Conjugation, 46 
Conncxivum, 609 
Contractile vacuole. 43 
Cooperia, 444 

Copcpods, and nematodes. 501. 504; 

tapewonns, 338. 348 
Copper sulfate. 275. 293. 509 
Coprozoic Protozoa. 60. 89 
Cor pulmonale. 290 
Coracidium, 338 

Cordylubia, 769; antbropopbaga. 780- 
781 

Corethrinac, 728 
Corona radiata. 439 
Cortisone, 30, 411, 483 
Costa. 42 

Cotylopboron cotylopboron. 31 > 

Coudria, 215; ruininantium. 215 

Coxa, 521; coxal fluid. 588 

Coxiclla, 215, 217 

Crab louse, 625 

Crabs. 300, 301 

Crayfish, 301 

Creeping eruption, 430 

Crista, 220 

Crlstispira , 219 

Crithidin, 113 

Crustacea, 518; Acantbocephala. 388; 
flukes. 301; hosts of tapeworms, 388; 
nematodes, 501. 504 
Cryptobia, Cryptobiidae. 87 
Cryptocotylc lingua, 321 
Cryptozoites, 170 
Ctcnidium, 640 

Ctenoccpbalides, 646; species. 6>5 
Ctenopbtlialmidac, 647 
Ctenopbtbalmus, 647; argyrtes, 6-17 
Cub6 powder, 533; see also Hotenone _ 
Cuclutogastcr, 637; heterograpbus. 63 1 
Cukx, 730; annulirostris. 755; and en¬ 
cephalitis, 752; molvstus, 727; piptens. 
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725: quinqucfasciatus ( = fatigans ), 
754; salinarius. 753: larsalis, 754: ter- 
ritans, 730; tritaeniorbynebus, 754; 
Wucberia bancrofti. 755 
Culicidae. 666. 715: see also Mosquitoes 
Culicinae. 728; Culicini. 729 
Culicoides. 676; and filarial infections, 
678; spri ie' of. 677 
CuVseta. 729 

Cultivation, aniebas. 59-60; intestinal 
flagellates. 59-60. 88; Leisbmania, 
114-115. Leptospira, 225 
Cusso. 344 
Cnlerebra. 709. 788 
Culerebrnl.ie. 769. 786 
Cuticle, of inset Is. 519. and insecticides, 
.519 of tapeworms, 334 

Cv.ithostoiiillMC. 439 
Cyclophvllidea. >42. 354 
Cyclops. 199 504 
Cvclorrhapha, 667, 691 
C> st.leanth 385 
(a sticercoid. >68 
t'\ 'ticen»»sis. 55* 

Cxsticenus. 355; bovls. 359:_ cellu- 
357; destruction of. 359; /us- 
ei,•Ians. 360 
CytnuxToon. 166 
Cyto lites nudus, 557 
Cvtopvce. 43 
Cytostonie. 43 

Damalima. 637; species of, 637 
n.sphnia. 498 
Daiapritu. 188. 204 
Daminea proglottina. 376 
|).i\ain< idae. 354. 375 
|)CF. flotation technique. 254 
DOD. 536 

DDT 533; bugs, 608; Diptcra. 124. I 
680. 686. 694 . 695. 697 . 70S. 759. 
fleas. 660; lice, 612. 638; and malaria 
control. 190; myiasis. 779. 788. licks. 
598 

Deer, arthropods, 584. 633. 695. .0i. 
790. 791, 792; helminths, 304—»0o, 
362. 446 

Deerily. see Cbrysops 

Deer fly fever. 690 see also Tularemia 
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Dcirid, 393 

Demodex folliculomm, 548 
Dcmodicidae, 542 
Dengue, 750 

Dcrmacentor, 583; albopictus. 584; 
andersoni, 585; marginatus, 583; nut- 
tali, 592; occidentals, 585; parumap- 
tcrus, 583; sylviarum, 583; variabilS, 
585 

Dermaccntroxcnus, 215 
Dermal leishmanoid, 122 
Dermanyssidae, 542 
Dcrnumyssus galliiuic, 555 
Dermatitis, mites, 558. nonparasitic in¬ 
sects, 707; schistosome, 291 
Dcrmatohin, 769; liominS, 785-788 
/ hrmatophagoidc s. 543 
Derris, 5'W; s re also Hntenone 

Dciitovum. 573 
Piainanns montaniis. 652 
Di.imidines, 129. 145; aromatic, 123 
Piaptomus, 348 
I )ia/inon. 531. 7SO 

I)ihuthrioi , phalux. 340; latns. 347 
Dilmtyl phthalate. 294 
Dicmcoeliulur, 274. 307 
Dicrocoelium ih ndntii tint, 107 
Dirtyiu'inilus, 440 

Did,Inn. 533, 598. 01 I. 0S0. 086. 703. 
760. 779 

Picntamocba. 58; fracilis. 7S-81 
Diet, artlirop, kIv 5 >o. helminths, 129. 
ami protozoan infi-Umiis. 72. 95; re¬ 
lation to immunity. »0 
Dlcthylcarhaina/in,-. v, < Ul tra/.Ill 

Dietlix ltoluaimde. 537. 598, 0S0. 691 
Digenca. 2M. 27 l 
Dil. pillule-. 354 
I )imetli> I i litli il it, • >7 
I )imidiuin ’ «i• mid*-. 15S 
Dinitrople •! il i«*i snails. 293 

Pinolu i 212 
Dim ft •/ 'o.Mii '• utile. 413 
Di«Ht .ymat i. 113 
i)i<v • juiii, 75 
Pit In into. *21 

Dii uh'tirmii. IS - ; perstan*. 487; rc 
uilitum. 487. strcptoccrca, 488 
I it** ..llimelllatitlae, 473 


Dipbyllohothriidae, 345 
Diphyllobothrium, 346; see also Dibo- 
thriocephalus 

Diplodinium ecaudatum, 38 
Diploscapter coronata, 469 
Diplostomatidae, 326 
Diptera, 528, 663; classification, 666- 
668; evolution of proboscis, 692; gen¬ 
eral structure, 663; importance, 663; 
life histories, 665 
Dipvlidiinac, 354 
Dipylidium caninum, 371 
Dirofilaria, 474; conjimctivac, 494; i»n- 
rnitis. 496; mcgalharsi. 494; re pc ns, 
494 

Dirofilariinae. 473 
Distomata. 271 

Ditliia/.aninc, 255. 403, 435. 469 

Dogfly. see Stomoxys 
Dogs, Acantliocepliala. 388; amebas, 58; 
Babcsiidae, 198; Coccidia. 211: flag¬ 
ellates. 155; flukes. 321. 323; llcpato- 
zoom. 205; insects. 606. 637. 055. 657. 

788; leishmaniasis, 118; leptospirosis, 
225; nematodes. 403, 413. 122. 445. 
457. 484; Pentastomida. 563, 565; 
rickettsias. 216; tapeworms, 360-362, 
371, 377, ticks. 582; Toxoplasma. 201; 
trypanosomes. 157; tularemia. 226 
I hilichopsx llidao, see Ceratophyllidae 
Donrinc. 157 
Di.u unruloidea. 503 
Drat unculus, 503; insignis, 503; medi- 
ncnsi.s, 504 
Pn»\ophilii. 784 
Drug resistance. 145. 188. IS?) 

Ducks and or geese, arthropods. 596, 
6*4. 6 >6. 685; helminths. 242. 296. 
>26. '.67. 3S8, 442, 498; Protozoa, 
165. 205. 211 
Dypteiex. 534 
l)\ senter> . amebic. 69 
Dyuulius lunatus, 613 

Karthworms, 446 

Karwigs. 371 

l'ast Coast lever. 596 

Eeliultutphaga. 646; gallinacea, 657 

Echinochasmus, 326; species of, 326 


Echinococcus, 361; granulosus, 362; 

multilocularis, 362 
Echinolaelaps echidninus, 557 
Echinoparyphlum recurvation. 326 

Echinophthiridae, 634 
Echinorhynchus, 388 
Echinostoma, species of. 324 
Echinostomntidae, 324 
Echinostomida, 274 
Echinuria, 498 
Ectoparasites, 17 
Ectoplasm, 40 

Eggs of worms, counts. 254; identifica¬ 
tion, 250-252; pathological effects. 
289, 321; techniques for finding. 
253 

Egyptian splenomegaly. 290 
Ehrlichia, 215, 216 

Eimeria, 205; bovls. 207. 211; nccathx. 

211; other species. 211; sludae. 29S. 

tend la. 207 
Eimeriidn, 163 
Elaeopliora sclincUleri, 496 
Elephant, 296 
Elephantiasis, 480 
Eliocharls tuberosa, 319 
Embadomonas intestinalis. 102 
Emhryophorc, 339 
Emetin, 74, 304 
Einpodium, 522 

Encephalitis, encephalomyelitis. 22 >. 

587, 597 

Enceplwlitozoon , 204 

Encystmcnt, 47, 64 

Endamoeba, name vs. Entamoeba. • 

blattnc, 59 
Endamoebidae, 55 
Endollmax, 58; nana. 78 
Endoplasm, 40 
Endosome, 39 
Endotrypanum, 113 
Enhcptin, 97, 105 

Entamoeba. 58; carriers. 72-74. cultna- 
tion, 59-60; coli, 77-78: cysts. <*4- 
65; diagnosis. 60. 74; distribution and 
incidence, 62-61; vs. Endamoeba. >9 
food habits. 66-67; gingivalis. 81-8- 
habits and biology. 65-66; harlmauni 
57; histolytica, encystmcnt. 61; host 
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specificity. 58; invadens, 59; minuta 
phase. 66: modes of infection, 72-74; 
morphology, 63-64; moshkovskii. 60. 
pathogenicity. 67-71; polecki, 59 
prevention. 76; races. 66; in sewage 
55; treatment. 74-75: Trichuris in 
fections. 402 

Enterobius vermicular is. 460 
Enteromonas hominis. 101 
Entonyssus, 556 
Eoacanthocephala. 384 
Eomenaeanthus. 636; stramincus, 616 
Eosinophilia. 29 
Epcrylhrozoon, 218 
Epu auta. 7<*7 
Epipharyn*. 521 

Epithcliocystida. 2<4 
E(.) 335 smear. 778. 788 
Etpiinc encephalomyelitis. 229 
Eratyrus , 610 
ErctmoiHuliles. 755 
trio, heir. 302; /aponicus, 302 
I Eristahs. 773 
Fr\ thromyiin, 75 

E>- phagostomes. see Oesopbugoslomum 

1 I'.piuMlM. 127 

| / v./.s-pf. rum. 610; < rassicornc, 635 
l-uilMta.oO 
Eui,'lvu%. see Capillaria 
l up., yplnum metis. 326 

I u . ,|| ( ; fuim rcatii am, 309 

/ » m I, inga.\tia, 5 >4 
I iitminhicula, 553 

EvK-r>tl.rocy»u.- rtagw. 163; »( Plasma. 

ilaiin. 169 
L>< llie>. 707 

innnia. 769; canicularis. 785; sealaris. 
785 

Easciohi he pat it a. gigantica. 304 
|'awlolidac. M)4 
Easeioloides magnn. 304-306 
East kdtipsis bn ski. 317 
I d,cola, 637; subroslrata, 617 
Femur, 521 
Ecrrissia, 284 
Fibroma (rabbit). 715 
i Fiein. 255 
I Fig latex. 402 
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Filaria, 474; conjunctivae, 494 
Filariac, 473; of animals, 495; of man, 
475; microfilariae, 474; sec also vari¬ 
ous genera 

Filariasis, of animals, 495; Dipctalo- 
ncma, 487; Loa, 485; Mansonclla, 
488; Onchocerca, 489; others in man. 
494; Wuchcrcria, 475 
Filariform larvae. 425 
Filariidae, 473 

Filarioidca, 473; see also Filariae 
Filicollis, 388 

Filix-inas ( Aspidium), 344. 389 
Filtrahle viruses, \er Viruses 
Fish, Ac.mthoccphala, ‘386; to destroy 
Cyclops, 509; to destroy mosquitoes, 
701; flukes, 275. 307; nematodes. 414, 
459, 502; Protozoa, 87. 134; tape¬ 
worms, 270. 340. 342. 349; toxicity of 
insecticides, 533. 534 
Fish lice, 518 
Flagella, 40 

Flagellates. 48-49. SO; Mood. 111. 131; 
copro/oie. 89; intestinal. 88 

Flame cell, 238; patterns, 200-201 
Fleas, classification, 015. control. 000; 
general anatomy, 040; liahits, 617; 
heart worm, 1ST; key to genera. M0. 
Iif<- cycle, 048; leishmaniasis. (155; 
notes on important species. 653; md 
plague. 650; tapeworms. 035. Try - 
l>auo\oma leu isi . 055. tularemia. 635; 
t> pirns. 05 > 

Flesh Hies, we Sarc nphagidac 
l‘lies, sectors of rhse.isc. 7 1. 07 5. 078. 
089. 709; 715. see also Musca and 
• »ther geiiera 

M < r maggot. s« • < •mlyidna 
Mot .»r«-i» ol cysts .md • gg>. 25>—254 
Fluk« s see Tic-matui) i 
I iuoro.icct.ite. 000 
Food \actiolr*. J > 

I'or.iniiii'f. i a. 4‘l 
l\ireipon.y:u. 078 
Fi>rni:< n, ., w. J«»9 
I or? . •’ >!.• , ddi hyde) t- 134 
/•<».* <:•: »0l> 

Fow|;?..x. 715 

i s, ...thropods, 545, 565, 633, 782; 


Coccidia, 209; helminths, 314, 322, 
362, 377, 403 
Freon, 535 
Frontal hinule, 666 
Fuadin, 123, 126. 292, 497 
Fumagillin, 75 

Fumigants and fumigation, 534, 660 

Gadfly, sec Tabanidac 
Calha. 306 
Galea. 521 

Galutnna virniniensis, 373 
Gamasidue see I laemogumasidue 
Cambusia. 760. 761; affinis, 761 
Gametocytcs. 46 
I Cammanis, 388 
Guinmexane. 533 
Gangos. 1 . 223 
Gapeworms, 442 
Gasterophilidae, 769 
Cluster* iphilus, 792; haemorrhoid alls, fn- 
testina/is. nasalis, 769-770, 792; iner - 
mis. ftccuorum, 793 
Cast mantis, 208 
Castrodiscidac, 315 
(lastrodiscoidcs hominis, 315 
Gastmdiseus, 316 
Gentian violet. 153, 312, 469 
Germanin. see Antrypol 
Giardia. 5)8; lamltlia, 99-102 
Giliantohilharzia. 295 
Globidium, 2**8 

Glossina. 668, 098; brevipalpls, 702; 
control. 704; longipalpis, 702; morsi- 
tans. 699. pallipedes. 099; pal pal is, 
099; suynnertoni, 7(H); taehinoides, 
099; and trypanosomes, 702 
Clossinidac, 098 
< •!>'»yphagidae. 543 
Clyeyphaeus. 559 

Gnathosom.i tor capitnlum), 501, 570 
Gnathostoma sptnincrum, 501, 502; 

dolorcsi, 502; nipponicum, 501 
Goat, »’c Sheep 
Gondcria, 100, 199 

Gongyluncma. 499; species of. 499, 500 
(h>uii‘ha\is. 270; silicula, 323 

Gonktcotcs, 630; species of, 656 
Goniodcs. 630. s|H*cies of, 635, 630 
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Gonotyl. 319 
Gordiacca, 242 
Grabhamia, 758 
Grahamella, 218 
Grain mites, 558. 559 
Grcgarinidia, 161 
Grocer’s itch, 558 
Gubemaculum, 393 

Guererra-Machado reaction. s * v • 
chado reaction 
Guinea worms. 503 
Gyracanthoccphab, 386 
Gjraulus prashadi. 324 
Gyrocotyle urna, 340 
Gyrocotylidoa, 340 

Habronema. 499; fpi " 

Haemadipsa japonica. -' 

241 r -45 

IlacmauoKus, 745; species 1 
Haemaphysalis, 582. . 

humerosa, 583: Icaebi. > 
palustris, 583. /••"■' r 
586 

llaematobia, see Sipbonc 
Haemotopinidae. 620 
Hacmatopinus, 613; N P* 

Haematopota, see C/n«/'« • 

Haematosipbon inotfrra. 
Hacmobartonclla, 218. " ' 

Haemodipsus vcntrit^us. ■ 
Haemogamasidae. 55» 

Haemoncbus, 444; 

Haemopls, 242 

Haemoprotcidac 1<M m , 

Ilaemoproteus. 1«>- |,vt * 

165; lopliorlyx . 165 

Haemosporidia, 101 

Hair follicle mites. 648 
Hairworms, sec TrichosHong'g* 
Halarachnidac, Halarachne, 

Haltcrcs, 66-3 
Haltcrldia, 165 

Halzoun, 307 , , 0 i 

Haplorchis, 321; yokogawal. 
Haplosporidia, 49 
Hartcrtia gallinarum. 498 
Harvest mites, see Bedbugs 
Haustellum, 619 


II,. „1 life. 621 

lleartwater disease. 216. 217. 59 

Ihartxvorm. «e Diroftlaria nnmttis 
Heel flv. sec lit,pod. nun 
II, Ira ( C. ratopoton), 675 
Hdeidae. 666. 675 

llelu clln. 270 

||« lit!n"»'"mmae. 445 

In.h.'ll.'! in Hi.- cycles. 

,,, J,>.ifi.,-i..». 217; dMBnoM-.. 

Hsoi-diw..>.or>.2JO;;«oc^on 

_V|S iinn.nm- ■•••■‘lions l, ‘- 

>»7 |if,. history and 

tU>« 244; parasitic habi- 
■ ,>! Ny 243: sigiiificanco 

' !i ,s * 24“ 

II . at4.r u 527. M 

II , ..w ••• !•’. 51 . 

II. -.1! «f. 111-160 

• J.ifines. !** 

i • it fill 


... b x • r. 597 
. . C . :ndln'ia 
•is. 165 


i I I 


1(V>, 204; finds. 205; grb 
:t , r f 205: mtiris. 205. 557 
dhtcens. 77o 

o|i 11' 

•li . 159 p.dlinarum. 459 ^ 

, (| ,, I , I /■'.< b0 

II .i .. irt ' :l 

|b n i. i'ter... 6**1 
i „ t r«•* r»* hma. 106 
i, .r .. .... II". 

H. uhlorocthane. ^06 

llr.^indta. 105 

Hcsamitidae. 87 

lb-, iptnla. 518; see aha Insects 

|b xvlmaiidalatc. 537 

|b xylresorcinol. 319. 402.434. 456 

llimasllda mucldcnsi, 326 

Hi,,relates flavii.es. vallaso, ( ^|".sio). 

707; and yaws. 709 
llippctis contort. 317 
llUtobosca. 668. 707; <«.hi.wi. .0, 

|lippol»o>cidae. 668. *06 

Hirudinea. 241 , ()5 

Itistoinonas mehogrUhs,. 10> 
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History of parasitology, 6-10 
Hog, see Pig 
Holdfast organ, 326 
Holostomes, see Strigeatoidea 
Holothjrus , 542 
Holotrichida, 105 

Hookworms, 417; of animals. 438; biol¬ 
ogy of larvae, 425; creeping eruption. 
430; diagnosis, 434; distribution. 419; 
epidemiology, 427; effect of diet. 
429; grades of infection, 43-3; human, 
418; importance, 418; life cycle. 423; 
longevity, 426; mass treatment. 435; 
pathology, 430; prevention, 436; spe¬ 
cies, 419 

HoplopUiura ocnomydis, 634 
I loploplcuridae, 634 
lloplopsyllus, 617 
I luridly, see S iphona 
1 lorsellies, sec Tabanidae 
Horsehair worms, 240 
Horses, insects, 633. 679, 695, <07, 1 15. 
792; (hikes, 285 316; leeches 241; 
leptospirosis, 226; mites, 544, 549; 
nematodes, 443, 437. 489, 198; Pro¬ 
tozoa. 81. 106. 137. 157, 197, 205. 
211; (.> fever, 593; swamp fever. 446; 
tapeworms, 363, 373; ticks, 583, 596; 
viruses, 229 

Hosts, definitive and intermediate, 17; 
mutual tolerance* of hosts and paru- 
sites, 18; specificity, 19-22; tolerance 
to injurious diet ts of parasites, 19 
Housed)' see Vusca domatica 
lluu, 311; nhigpociuis, 311 
lluiitoniinn, 582; nifipcs. 583; other spo- 
•es, ‘>97; transiem, 586 
11) iluromd iso. 20. 67 
!lyd..tids, 361; mulltlocular or alveolar, 
362 

Hydrohtidae, 270 
Hydrocyum acid 532. 60S 
llymcnolepidu! ie, :*>4 
llymcnolcp:s, < nioca, 695; diagnosis. 
250-252; Jiiu.'Wta, 370; lanccolata, 
G(>7; nano, 367 
llyosirongylt.*, 444 
Hype:mwigida, 67 

UtjpjJcnna, 771. 7S9; bovis, 771, 789; 


crossii, 790; diana, 790; lineata, 771, 
789 

Hypopharynx, 521 
Hypopus, 560 
Hypostomc, 570 

Imagochrysalis, 552 
Immunity, Acanthocephala, 386; ac¬ 
quired. 26; age. 26; in amebiasis, 72; 
to arthropod bites, 529; blood-brain 
barrier, 203; filariasis, 479-480; his¬ 
tory. 10; hookworm, 429; Hymeno- 
lepis nana, 27; local, 28; malaria, 182; 
to myiasis, 27-29; natural, 25; of 
Protozoa to drugs, 145, 188, 189; re¬ 
lation of diet to, 30; schistosomiasis, 
291; to spirochetes, 222; Toxoplasma, 
202; trichinosis, 411; in trypanoso¬ 
miasis, 134, 137 
Indulonc, 537, 598 
Intloplanorbis exustus, 296 
Inermicapsifcr arvicanlhidis, 375 
Infantile paralysis, see Poliomyelitis 
Infectious jaundice, 225 
Infestation vs. infection, 248 
Influenza, swine, transmission by Meta- 
strongylus, 446 
Infusoria, 50 

Insecticides, formulations and applica¬ 
tion. 534; history. 532; kinds, 532; 
resistance to. by insects, 536, 697 
Insects, allergy and immunity, 529; 
classification. 527; disease transmis¬ 
sion, 530; insecticides, 532; life his¬ 
tory, 525; morphology and anatomy, 
519; phylum, 517; repellents, 536; 
stages ol parasitism, 528 
Intermediate hosts. 17; in helminths. 
217. significance, in Hncmoflagellates, 
111 

Intradesniose, 40 
lodanuH-ba. 58; butschIU, 78 
lodmr compounds, 95 
Iron, in hookworm disease, 429 
Ischnoceru, 6s6 
Isogum), 46 
Isoparorehiidae, 307 
Isoparorchis hypsclobagri, 307 
Isopentaquin, 188 



Isopods, 388. 518 

Jsospora, 205. 208; species of. 209. 210 
Itch, see Scabies 

Ixodes, 581; hotocyclus, 581; persul- 
catus, 581; ricinus, 581; rubicundus. 
586 

Ixodidae, 542, 577; control. 597; disease 
transmission, 587 
Ixodides, 542 

Janthinosoma. see Grahhamia 
Japanese B encephalitis. 229 
Jungle rot, 221 

Kahn test, 223 
Kala-a/ar, 120 
Kamala, 344 
Kanjolysus, 204 
Ked, sec Melophagus 
Kertcszia, 739 

Kidney worm, giant, 413; of pigs. 

Kinctoplust, 41 
Kirlcephalus coarctatus , 567 
Kissing bugs, 610 
Klebsiella paralytica, 220 
Klossiclla, 163 
Knemidocoptes, 543 
Kuinri, 495 

Labium, 521 
Lahrum, 521 
Labrum-cpipharynx. 521 
Laeinia, 521 

Laelaptidae. 542; Laelaps, 542 
Lagochcilascaris minor, 458 
Lamblia, 99 
Larva, of insects, 526; of Acanna. 
Larva mi grans, cutaneous, 410, .94; 

visceral. 459 
Latrodcctes, 519 
Laurcr's canal, 261 
Lcche dc higuer6n, 402 
Leeches, 241 
Leeuwenhoek, 6 
Leidy, 7 

Leishmania, 112; chamclconls. 113; <lon- 
ovani, 117; enrlettii, 127; tropica, 117; 
tropica, subspecies, 119; iCC u *° 
Leishmaniasis 
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Leishmaniasis, cutaneous. 124-125; mu¬ 
cocutaneous, 127-129; transmission. 
115-117; types of. 117-120; visceral. 
120-123; see also Chiclero ulcer. Es- 
pundia. Kala-azar, Oriental sore 
Lemnisci, 382 
Lepidoptera, 527 
Leptidae. 686 
Lcptocara venalieia, 784 
Leptocimex boucti, 603 
Leptoconops, 676 

Leptomonas. 112; ctenocephali, 116 
Leptopsylla. 647; segnis. 656 
Leptopsyllidac, 645 

Leptospira, biftexa. 224; leptospirosis. 

224-226: other species. 225-226 
Lem kart. 8 
Lencocliloridium. 26S 
Leucoi ytozoon. 161. 166. 6S5: simoudi. 

105. 685; smithi. 165. 6S5 
Lice. 617; antibacterial substance. 631. 
biting t Mallophaga), 634: control. 
637; crab. 625; dispersal. 631; ot 
domestic animal. 633; elimination 
6J2. habits. 637; human t head and 
body). 620; and human disease. 627; 
key to families. 620; keys to families 
and genera. 634; life cycle. 617; 
plague. 630: relapsing fever. 630; 
Milking (Anoplura), 617; trench 

fever. 629; typhus. 628 
Ligament s.ns. 38-3 
Lignla. 345 
Lime for snails, 2*5 
Limnutis, 242 

Lindane. 531; Acarina. 598. for hel¬ 
minths. 463; insects, 778. « .9. 

788 

Linguatula serrata. 563 
Linguatulidac. 563 
Liiiognathidae. 633 

Linognatlius cituli, 613; other species. 
633 

Linstowiidac, -355 
Li pen r us, 636; species of. 636 
Li/tont/ssiis, see Ornithonyssus 
Lipoptena. 707 
Litomosoidcs, 482 
Liver abscess, 70 
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Liver flukes, see Dicrococlidac, Fascioli- 
dae, Opisthorchiidac 
Lizards, 59, 78, 113, 163, 165, 201, 388, 
553 

Llama, 633 

Loa, 474; loa, 485 

Lomidine, 145 

Lonchocarpus, 533 

Longibucca, 464 

Looping ill, 597 

Louse, see Lice 

Loxoceles lad a, 519 

Lucilia, 768; see also Phoenicia 

Lung flukes, 299 

Lung miles, 541 

Lungworms, 445 

Lutzomyia ( Phlebotomus ), 669; longi- 
palpis, 669 
Lymnaea, 306 
Lymnacidac, 270 

Lymphocytic ehorioineningilis, 230 
Lynch in fuse a, 707 
Lyperosia, sec Siphona 

Machado reaction, 154 
Macracanthorhynchus hinulinaccus, -388 
Macrogumctc, 46 
Macronucleus, 39 
Maculatum fever, 593 
Maggots, see Mni.ims 
M alaria, hlaekwater fever. 191; cere¬ 
bral. 182; course of. 179-182; diag¬ 
nosis, ISO; epidemiology, 183-186, 
human, hi'tors an<l importance. 167- 
168; immunity, 182-183: life cycle, 
169-179: of lizards and birds. 165- 
i 66; of mammal'. 166. prevention. 
190-191; species and typo in man, 
!6 ■ tr« vtment, !r 7. in l in ted States, 
168 

Mal itluon, 534, 6>S 
Mu!-de-c.»‘!cr«is, 157 
Mul-Je-pinto. 22i 
Male tern K 1 ;li\ 344. 3S9 
M illcphaga, 528, 6>4 
Ma!p:goi.m tubules. 523 
Mandibles, 521 
Mange, oil, 519 
Iunsvr. lij, 17 I. vzutrdi, 188 


Mansonia, 730: annulifera, longipalpus, 
757; perturbans, tit linns, 730 
Mansonioidcs, see Mansonia 
Marisa, 294 
Margaropus, 583 
Mastlgophora, 48 
Mastophorus muris, 498 
Maxillae, 521 

Meat, adequate cooking., 344, 412; ex¬ 
amination, 412; refrigeration, 345, 
412 

Mcgacolon, megacsophagus, 154 
Megalopyge opercular is, 767 
Megarhinus, sec Toxorhynchites 
Mehlis* gland, 261 
Mel B. 146 

Melania, see Tbiara and Setnisulcospira 

Melaniiduc, see Thiaridae 

Mclanolcstes, 610; picipes, 613 

Mclarsen oxide, 146 

Melophaginae, 706 

Melopliagus, 668, 706; ovinus, 706 

Memhruncllc. 42 

Mcngo virus, 229 

Menopon, 636; gallinac, 635 

Mcnoponidae, 634 

Mcpacrinc, see Atebrin 

Mermithids. 397 

Mcromyarian, 392 

Merozoitc, 175 

Nlcsocercariac, 268 

Mvsocestoidcs variabilis, 377 

Mcsocestoididac. 355, 376 

Mcsogyna, 355 

Mesostigmata, 542 

Metabolic products, 243; as antigens, 29 
Mctacanthoccphala, 386 
Mctaccrcaria. 268 
Mctacbromatic granules, 44 
Mclacrvptozoito, 170 
Mctagonimus yokogawai, 321 
Metamorphosis, insect, 526 
Metastrongx lidac, 418, 445 
Mdastrongylus, 446; clongatUS, 446 
Metlioxycblor, 533, 598 
Methyl bromide, 212, 437, 532, 608 
Methyl chloride, sec Freon 
Mdorchis, 309, 314; conjunct us, 314 
Metratcrm, 262 
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Mice, flukes. 287 . 321: 

ncimtodes. 445. 464: Protozoa. 120, 
156; rickottsias. 654: spirochete*. — 6: 
tapeworms. W>. i«7: see •>!'» B*” 

dents 

Microbilluirzia, 295 
Microfilariae. 474 
Microgamete, 46 
Micronucleus. 39 
Micropleura. ,503 
Micropyle, 205 

Microsporidia, 49 
Microthoracius cameli. 613 
Midges, see llclcidac 

MIF technique, 61 

Milihis, 75 , 

Mink. 268. 299, 314. ti l. 445. '<> * ■»* 
Miracidia, 263 
Miracil D. 292 

Mites. 540; bloodsucking. 555; 1 1 ."»«> 
cation. 542; dermatitis. 558: and en¬ 
cephalitis. 229; hair h'llule. 5 * 
intestine. 557; itch and mange. 5 1 i: 
orihatids. 543. 561; redbugs. *** »»o 
rickettsial diseases. 553: urinary. 
Mitosis, in Protozoa. 40 

Mollusks, ancestral hosts of Hukev 

of Aspidcbothrea, development 

of flukes in. 265-26S; entrance ol 
miracidia. 265: examination lor Huke 

stages. 269; hosts of flukes. -«‘9; m «n- 
ntodes, 442. 446; tapeworms. ».<* 
Moniezia, 373 

Moniliformis, 387; tluhius. 38. 

Monkeys and apes. AcanthoccpI* 

388; Aearina. 512: amehas. nh-SXi*. 
81; BaUintUlium . 106; dengue . *». 
flagellates. 149. 155: flukes. 28 I. 31 • 
leishmaniasis. 120; lice, <*_»» "" 
parasites. 166. 168; nen.ato.h-s. 4Ul 
439. 460. 469. 484 . 691: *'*"'**£ 
mida, 565; Rift Valley Over. ~ 
tapeworm. 373. 376; trypanosomes. 
157; yellow fever, 74 3 
Nlonogenea, 27 3. 275 
Montenegro skin test. 128 
Moose disease. 586 -.,g. 

Mosquitoes, breeding place. r~>. •- 
classification, 728; dengue. ioU. 
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nuih’bi'i. 758; destruction of adult*. 
759- destruction of larvae. 760; e«*- 
logkal groups. 72.5: « ggs. 719 elim¬ 
ination of breeding places. ,62: en¬ 
cephalitis and related viruses. 752; 
filariasis. 755; food habits. 72.; gen¬ 
eral anatomy. 715: hibernation. 728; 
importance. 715: key. 731; key to 
important North American adults 
728. 738; larvae. 721. 731; length of 
fife 728. and malaria. 734: migration. 
726 natural enemies. 761; personal 
protection, 759; pupae. 723: time of 
actn.ty. 727; yellow fever. .42 
Mouse, see Mice 

Mutiili p.irlv Acrina 540. 5.2: evol,.- 
in < »>2: of insects. 

520-521 
Muelleriut, 446 
Mullhvi's. 360; species. 361 
\lultil<H ular cysts. 365 
Mu-nm 481 

Murrav Valiev encephalitis. 2-9 

,. 002 005. 70S Jiw.sc vectors, 
(»4> 71. -37(i. 690; tlomcstuw, 0J3; 
other species. 696: resistance to DDT. 
<*97. sorlfcns. viciiui. 696 
Muscidae. 691. 768 
\f1 1\* iiM. • • 2 

\|iis« oidea. 668 691. 771 _ 

MMasis bloodsucking maggots 

,M.707 hc.nl I.. horse 

| Ml|% 792 i«lentificati*u» and ko> to 

wlult flies. 76S. b> insects other than 

767 of intestine. 782: key 

„ ::i muscokl skin maggots, 

7Ml ds.n hots. 786; types. 77 3; of 

.. tract. 785. wool maggots 

, ). 779 : of wounds and natural 

t.ixilies. 775 
1 MYL powder. 632 
Myobiidac, .542 
M\oneine, 42 
M\ xosporwlia, 49 

N.iga sore. 221 
Nagaua. 157 

i Sanophijetus satmincoUi. 3-i 
I Naphthalene. 534 
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Necator, 422; americanus, 422; see also 
Hookworms 
Nemathclminthcs, 239 
Nematoccra, 666 

Nematoda, anatomy, 391-396; classifica¬ 
tion, 397; development and life cycle, 
396; relations, 390 
Nematodirus, 443, 444 
Ncmatomorpha, 240 
Neoacanthoccphala, 386 
Seoascaris vitulorum, 457 
Neolinognathidae, 633 
Neorickcttsia, 217; helmintheca, 216, 
323 

Neosalvarsan, 129 
N co slam, 123 
Ncostibosan, 123, 483 
Scotrombicula autumnalis , 553 
Nettorhynchus, 565 
N euro filar ia corncllensis, 495 
Ncuromotor apparatus, of Protozoa, 
43 

Nicotine sulfate, 533, 638 
Nidulily, 23. 597 
Nilodin, see Miracil D 
Sippostrongylus marts, 28; immunity to, 
29 

Nitrofurazono, 146 
Nitrotliia/ole, sec Enlicptin 
Nivaquinc, see Cliloroquine 
Nodular worms, sec Oesopliagostoinum 
Noma, 221 
Nomenclature, 31 
XosopstjUus fasciatus, 656 
Xotocdrcs tali, 544 
Ntayu virus, 229 
Nucleus, ol Protozoa, 39, 10 
Nutrition of parasites, effects of immu¬ 
nity on, 28, 29 
Sul lot ta, see liabcsi.i 

Xyctot hcrus, 107 

Nymph, ol Acarin.i, 552, 574; of in¬ 
sects, 526 

N> mphoehr> salts, 541 

Ocelli, 525 
Oeciacus vita rim, 6U4 
Ocdcmanuigerut tarandi , 790 
Utsophugostomum, 4oj 


Oestridae, 769, 770 
Oestrus, 770; ovis, 791 
Oligotrichina, 106 

Onchocerca, 489; armillatus, 489; gb- 
soni, 489; gutturosa, 491; reticulata, 
489; volvulus, 490 
Onchocercinae, 474 
Onchopalpida, 542 
Oncicola, 387; canis, 388 
Oncomelania, 288; species of, 288-289 
Oncosphere, 337 
Oochoristica, 355, 375 
Oocyst, 47, 177 
Ookinete, 176, 177 
Ootype, 261 
Opalinidae, 105 
Opisthorchiida, 274 
Opisthorchiidac, 309 
Opisthorchis, 313; species of, 313 
Opossum, 156 
Organelles, 40 
Oribatei, 543 
Oriental sore, 124 
Ornithobilliarzia, 296 
Omithobius, 636 

Ornitliodoros, 577; coriaccus, kclleyi, 
nicollei, 580; erraticus, 587; laho- 
rensis, 586; hvrmsi, 581; moubata, 
580; parkeri, 581; and relapsing fever, 
587; rudis, 581; and Salmonella, 595; 
tulaje, 581; turicata, 581 
Ornif/iorni/sttjs, 556 
Oroya fever, 674 
Orthopodomyia, 730 
Orthoptcra, 527 
Orthorrhapha, 666 
Oscinidac, see Cldoropidac 
Oslertagia, 444; ostertagi, 445 
Otobius, 577; nwgnini, 579 
Otodectcs, 543 
Ova, see Eggs 
Ovcjector, 395 
Ovipositor, 525 
Oxyspirura mansoni, 498 
Oxyuris equi, 464; vcnnicularis, 460; 

see Entcrobius 
Oxyuroidea, 460 

Pacdurus, 767 
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Palaeacanthocephala, 386 
Palmate hairs, 722 
Palpus (palps), 521 
Paludrine, 188 
Pamaquin, 188 
Pattaonui, 688 

Panstrongylus, 610; megistus, 611: geni- 
culatus, 612 

Papatasi fever, see Sandfly fever 
Parabasal body, 41 
Paradichlorobenzene, 660 
Parafil/iria, 473; species of. 495 
Parafossarulus, 311; manchouricus, 311 
Paragonimus , 299; ketocotti. 299; other 
species, 299—300 
Paramecium, 50, 105 
Paramphistoinatidae, 315 
Paramphlstomum cervi, 317 
Parascaris equorum ( — mcgalocephala ), 
457 

Parasites, effects of parasitism on. 1»- 
18; evolution slower than that of 
hosts. 24; and food habits. 15-16; 
geographic distribution, 22-23: hostal 
varieties, 24; importance, 1-5: kinds 
of, 16-17; modes of infection and 
transmission, 21; names of. 31; rela¬ 
tions to hosts, 14-15; spread to new 
hosts, 24; tolerance to injurious efleets 
of, 19, 25; tolerance of parasites and 
hosts, 18-19 

Parasitism, among arthropods, 517. 518: 
effects on helminths, 243-249: effects 
on parasites, 17; nature of, 14; origin 
of, 16 

Parasitology, history, 6-11 
Parustrongyloldes winches !, 465 
Paraslrongylus, 61U 
Parathelpliusa, 303 

Parathion, see phosphorus compounds 
Paruterininac, 354 
Paryphostomum sufratiyfex, 326 
Pasteur alia pestis, 226 (see also Plague); 

tularensis, 226 
Peacock, lice, 636 
Pediculidae. 620 

Pcdiculoididnc, Pediculoidcs, see Pyc- 
motes 

Pcdiculus, 621; and disease, 627; /»•'- 
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manus (varieties liumanus and cor¬ 
poris). 621: other species. 633; pre¬ 
vention and remedies, 631 
Pedipalps. 540 
Pelletierine. 344 
Penicillin. 223 

Pentachlorophenols, for snails, 293 

Pentamidine. 145 

Pentaquin. 188 

Pentastomida. 562 

Pcntatrichomoiuis, 89 

Peritreme. 541 

Peritrichida. 106 

Peritrophic membrane. 524 

Phoenicia ( Lucilia in part >. 698. 76S. 

779; scriciita. 698 
Phancrozoites. 172 
Phasmidia. 398 
Phasmids, 393 

Phenotliiaziiu*. arthropods. 533; for hel¬ 
minths. 437. 50S 
Phenyl mercuric compounds. 94 
rhilucnuitomyia insignus. 692 
Philomel ft. 503 
Philoptcridac. 636 
Philoplems. 636: dentotus. 635. 636 
Phlel»otoininae. 668 
rhl. hvtomus. argentipe t. 669. 67 3; cau 
casicus. 673: chincnsis. 673: colom 
humus. 674; control. 674.^ genera 
account. 60S: intermedins. 673; leish 
mania'is. 673; longicuspis. 673; longi 
palpis. 674; lutzi. 128; mo,or. 6,3 
Oro> i i < v< r. 67 1: ihiimIsU. <>72 per 
filtewi. 67 3; perniciosus. 6. 3: am 
sandfly fever. 672; sergenti. 673; ver 
rucomm. 674 

Phorulae. 667 __ 

Vhormia. 768; regina. 698. J 

Plmsphatcs, organic. 532. o9.. 60S 
788 

phthirus, 625; pubis. 025-6- 
physoloptcra, 5(H). taueasua. .-3)1 
Phvsidae. sec Bulmulac 
Physiology, of helminths, 24 >; ot 1 ro 

to/oa. 43 

Physoccpholus, 498 
Physopsis. see liulinus 

Phytoina'tigophoroa. 48 
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Phytomonas, 113 

Pigeon, helminths, 327; Protozoa, 96, j 
201, 209 

Pigs, Acarina. 549; atrophic rhinitis, 97; 
flukes, 296, 299, 315. 317. 321; in- I 
sects, 633, 700, 777, 786; Macracan- 
thorlujnchus, 388; nematodes. 401, 
407, 439, 446, 457; Protozoa. 59. 78, 
106, 139, 150, 198; Rickettsia, 593; 
spirochetes, 225; tapeworms, .355 
Pila luzonica, 324 
Pinkeye, 709 
Pinta, 223 
Pinto fever, 590 

Pinworm, see Enlcrobius vermicularis 
Piopliila casci. 784 

Piperazine, 410, 457, 463; sec also 
Hctrazun 

Piperonyl Imtoxkle, 5-33; cydonone, 
533 

PireneUa arnica, 320, 322 
Pirn plasma, see Babesia 
Piroplasmosis. 595 
Plagiorchiid.tc, 327 
Plagurrehis muris, 327 
Plague, 650 

Planorl/arius corneas mctiiliensis, 287 
Plunorhidnc. 270 
Plauorbis, m e Biompluilaria 
I'lasmochin (plasmoquin, cainoqnin), 
102, 188 

I'lasmodiida, 163 
I'luMiiodiidut. 161 

Plasmodium. 161; of birds ami lizards, 
165; i tallmuccum . 165. human spe¬ 
cies, 166; «>l inaaini il>. 166. of man. 
167 (.<1 c also Malaria), monkey 

specie*., 166. other Imd q* < u s, 165; 
rodent spetuvs, 186 
rlasir.odroina. }S 

Platylii Imii !:»• . 257 
l*lerocei>.o.d >>•». .cinva>:oii of hosts, 
332 

Plvurite. 52* 1 

Pm miix.ffv it. 5 ‘1 

P<>ikihrchi !cmis. J00 

I a ‘iiiyiliti*. 228 

i oil ill. 4VJ 

i oh in.-.'in,d . 87 


Polymorphus, 388 
Polymyarian, 392 
Polyplax spitmlosa, 634 
Polystomoidella oblongatum, 263 
Polystomum, 275 
Pomutiopsis lapidaria, 288 
Pool feeding, 524 

Pork, cystieerci in, -357; trichinosis, 404; 
sec also Pigs 

Porocephalida, Poroeephalidae, 563 
Poroccphalus crotali, 567 
Potamididac, 270 
Potamon, 302 
Potamonautes, 685 
Potassium permanganate, 76 
Poultry, sec Chicken 
Preacanthella, 384 
Precipitin tests, see Serological tests 
Pro-erythrocytic stages of malaria, 169- 
172 

Presoma, 382 
Primaquine, 154, 188 
Primates, see Monkeys 
Procercoid, 338 
Proglottid, 332 
Prohcmistomum vivax, 327 
Prosimulium liirtiiws, 684 
ProMihraiK-hia, 269 
Prostlienorcbis , 389 

Prosthogonimus, 327; macrorchis, 328 
Protcocephula. 342 
Proteoceplialus. 350 

Proteus, m Weil-Kclix reaction, 216; 

and scrcwworms, 777 
Protista, 39 
Protocallipliora, 774 
Protociliatu, 50 
Pmlomastigida, 86 
Protnnyinph. 541 

Protospirura, 501; muricola, 501; muris, 
498 

ProtostrongyImae, Protustrongylus, 446 
Protozoa, classification, 48-50; cyst¬ 
finding techniques, 253-254; encyst- 
ment. 47, 48; organelles, 40—43; para¬ 
sitism and host specificity, 51, 52; 
physiology and reproduction, 43-4r; 

I not o/oa ii vs. bacterial disease, 32; 
relation to Metazoa, 37; relation to 
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other primitive organisms. 37. 38: 
structure. 39. 40 
Provciitriculus. 523 

Pseudohjnch in. 707; canariensis ( = 
maura), 707 
Pscudophyllidea. 345 
Pscudopodia, 40 
Pseudostigmatic organs. 551 
Pseudosuccinen, 300 
P sorer nates ovis, 544 
Psorophora, 730. 758; ciliata. 734; ferox. 

758; howardi, 734; lutzii. 758 
Psoroptes, Psoroptidae. 543 

Psyclioda, 780 

Psychodidac, 000 

Pterygota, 527 

Ptilinium, 605 

Pidex, 040. irritnns, 655 

Pulicidac. Pulicoidea, 645 

Pulmonatu. 270 

Pulvilli. 522 

Pupae, 526 

Puparium, 526 

Pupipara, 706 

Puromycin, 76. 146 

Pyemotes, 560; vcntricosiis, 560 

Pycmotidue ( - Pcdiculoididac >. 542 

Pygidimn, 644 

Pyorrhea, 81, 94 

Pyralis farinalis. 371 

Pyrethruin and pyrethrins. 533. 091 

Pyriform apparatus, 355 

Pyrgophysa, 287; torskoln. 288; sec ..Im. 

Buliuus 

Q fever, 593 
Quinucrine, see Atebrin 
Quinine, 9, 187 

Rabbit fever, see Tularemia 
Rabbits, Diptera. 788. 789. fleas. 645. 
658; helminths, 304. 373. »9I; lice. 
634; mites, 553; Pentaslomida. o64; 
Protozoa, 103. 119; spirochetes. 222; 
spotted fever, 583; ticks, j>81, > 8 _. 
tularemia, 594; viruses. 59. 

Raccoon, 149, 314, 377. 458. 503 
Radiolaria, 49 

HatUiclinu, 370; species of. 376 


Pa'ahns. 010 
Raticides. 000 

Rats. AcantluH-cphala. 387; Acarina. 
554; control. 533. 000; domestic ori¬ 
gin. 657. flukes. 299. 322. 327; in¬ 
set tx. 634. 650; nematodes, 403. 407; 
Pentaslomida. 504 . 56S: plague. 050; 
Protozoa. 07 . 78. 97. 149. 106. 202; 
spirochetes. 220; tapeworms, 367; 
typhus 653; see also Rodents 
Rat-tailed maggot, see Eristalis 
Bedbugs. 550 
Redi. 6 
Redia. 265 
Reduv iidae. 610 
Pi'ilaVias, 610 
Kedwaler fever. 595 
Refrigeration, of meat. 412 
Reighardiidae, 56 > 

i Relapsing fever. 220-222; of fowls. 587; 
Ioum— l»ori.e. 630; spirochetes of. 22h 
ti« k-borne. 587; transmitters. 587. 
630 

Repell.mcc. natural. 530 
Rep. Rents. 554 
Residual graving. 534 
Resistante. mV Immunity 
Besot bin. see CI»lor«M|uine 

Retortainonadulac, 87 

Pi tin tumonas intestinnlis. 102; sinensis. 
10*3 

R. lrole. lion. 162 
RbalHliasidae. 464 
Khahditata. 404 
RlialHlitifurm larvae. 423 
Phahditis. 401; liominis, 470; pell to. 
170; stionnyloides. 4Ci4 
i RliagHMiidae. see Leptidae 
Pliinoestriis. 773; pnrp.ircn*. 79- 
Rbinoii>ssidae, 512 
. ./.«/«». 

582; hursa. 582; sanguineus. 08 - 
sinius, 580 


Rliizoinastigula. 80 

Rhi/oplast. 42 

Rl.izopodea, 49 nl , 

Phodnius. 610; prohxus, 611. 01 1 

ltick,U-ia. 21 .. ahui. 

216, conori, 216. ,,.,IU uh. <*-». »*'*** 
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tvazckii, 215; quintana, 215; rickottsii, 
216; suis, 216; transmission, 215; tsu- 
taugamushi, 215; typhi, 215 
Rickcttsiaccae. 215 
Rickettsial po\, 557 
Rift Valley fever. 229. 597 
Roaches, helminths, '367, 464; Proto¬ 
zoa. 74 

Rodents. Acanthocephala, 387; bouton- 
ncuse fever, 592; bugs, 611; fleas, 
656; flukes. 285; fumigation against, 
.534, 660; lice. 634; mites, .542. 543, 
551. 557; myiasis, 788; nematodes. 
401, 403. 445. 461; Pentastomida. 
561; plague. 650-653; Protozoa. 58. 
119, 120, 127, 119, 166. 204; Rift 
Valley fever. 229; spirochetes. 226; 
tapeworms. 346, 360, 362. 372; ticks, 
581. 582; tularemia. 555. 594; typhus. 
554. 590; see also Mice, Rats 
Rotenone, 533 

Roundworms, see Nematodes 

Rudolphi, 7 

Ruminants. Acarina. 581. 595; cercar- 
iae of schistosomes. 283; flukes. 317; 
nematodes, 439. 4 10. 498; rumen cili- 
ates, 106; tapeworms, 372; see also 
Camel. Cattle. l)« «-r. Sheep, and Coats 
Rutgers 612. 537; lice. 032 

Sahcthini, 728 
Sacculina. 518 
Sucfftigen's pouch. 384 
Saint Louis \ mis, 229 
Salmon poisoning, 217 
Salmonellu cn letilulis, 611 
Salt, for control ot flukes, 274; hook¬ 
worms. 137 

Saudflie>. see I'hlchotomus 
Sandfly tv vcr. 672 


Sarcoptiformes, 542 
Scab. 544 
Scabies, 546 
Scaly-log, 548 
Schistoccphalus, 345 
Schistosoma, of animals, 296; hovis, 296; 
dermatitis, 294; general account, 277; 
haematobium, 287; intcrcalatum, 285; 
japonicum, 288; life cycle, 280; man- 
soni, 286; margrebowici, 286; ma- 
thcci. 285; nasale, 296; rodhaini, 
285; species in man. 283; sjtindalis, 
296 

Schistosomatidac, 278 
. Schistosomatium douthitti, 295 
Schistosomiasis, of animals, 296; course 
and pathology, 289; diagnosis, 291; 
haematobium, 287; immunity, 291; 
importance, 277; japonicum, 288; 
mansoni, 286; prevention and con¬ 
trol. 293; treatment, 292 
, Schizogony, 44 
Schizont. 46 
Schizophora, 667 

Sehizotnipanum, Chagas' disease. 152- 
154; cruzi, 147-152; genus, 113; ves- 
pertilionis, 148 
I Scolcx, 332 
Screwworms. 775 
Scrub typhus. 217, 553 
Seatworm, see Entcrobius vcrmicularis 
Segmentma hcmisphaerula, 317 
Self-cure, 30 

Scnnsuleospira, 270; species of. 301 
Scnsilitim, 524 
Sepsis. 784 

Serological and skin tests, 30, 31; ame¬ 
biasis. 62; helminths, 410, 482; leish- 
maniasis, 128, malaria, 186; Schizo- 
tnjiHonum cruzi , 154; Toxoplasma, 


Santohrite, 29 5 

Santonin, 436 

Saprospira . 220 

Sareocystis. 20 1 

Sarcodina, it 

Surcophaga, ~vJ, 775. 779 

S.ircoph igalae, 772 

Surcepti s, 3 ' -34 l seabiei, 544 

Sarcupt'dae. 15 


203 

Setaria, 473; eerei, 495; species of, 495 


Seven-day fever, 226 
Sheep and Gouts, Diptera, 706, 715 
775, 777. 779, 786. 790. 791; flukes 
285. 304. 307; licartwater, 216. 217 
594; lice. 633; louping ill, 229; mites 


512. 549. 553; nematodes, 440, 442. 
443, 495; Pentastomida, 564; Proto- 
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zoa, 95, 135, 150. 157. 197. 201, 205; 

Q fever. 593; Rift Valley fever. 229; 
tapeworms. 360, 362; ticks. 585; tula¬ 
remia, 585. 594; see also Ruminants 
Sheep tick, see Melophagus 
Shop typhus, see Typhus, endemic 
Shrews. 164, 554 
Simuliidae, 666, 680 
Simulium, 680; arcficum. 684; biting 
habits, 683; columbaschcnse, 682; 
dam nosum, neavei, ochraceum, metal- 
Ucum, 681-685; Leucocytozoon, 685; 
life history, 681; migration. 683; 
onchocerciasis. 684: ornatum, 685; 
other man-biting species. 684; spe¬ 
cies transmitting Leucocytozoon. 685; 
venustuin. 684 

Siphona, 692, 693; irritans. 693 
Siphonaptera, 528; see also Fleas 
Siphunculata, 617 
Siphuncullna funicola, 709 
Skin tests, see Serological tests 
Skrjabingylinae, 418 
Sleeping sickness, 137 
Snails, see Mollusks 

Snakes, arthropods, 541, 542. 553. 565; 

helminths, 346, 501; Protozoa. 59 
Snoring disease of cattle, 296 
Sodium antimony tartrate and glu¬ 
conate, 123, 124, 292 
Sodium borate, 437 
Sodium fluoride, 533, 638 
Solcnopotcs capillatus, 633 
Solustibosan, 123 
Sontocbin, 188 

Spargunum, 352; rnansoni, 352; man- 
sonoitles, 353; proliferum, 354 
Spcrmatheca, 525 
Spicules, of nematodes, 395 
Spiny-headed worms, see Acantho- 
ccphulu 
Spiracles, 524 

Spirocerca sanguinolenta, 497 

Spirochaeta, 220; see also Borrclia 

Spirochetes, 219 

Spiromctra, 346 

Spirotricbida, 105 

Spirurata, 473 

Spiruroidea, 497 
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Spleen rate, in malaria, 186 
Sporoblast, 46. 177 
Sporocysts. of coccidia, 206-207; of 
flukes. 265 
Sporogony. 46 
Sporoplasm, 46 
Sporotrichida, 105 
Sporozoa. 49. 161 
Sporozoite. 47 
Spotted fever. 216 
Spring-summer encephalitis, 229 
Squama. 664 
Stable fly. sec Stomoxys 
Stagnicola, 306; cmarginata, 295 
Staining techniques, for intestinal Proto¬ 
zoa, 61 

Stegomyia, 746; fasciata. 74 < 
Stephanofilaria, 473: species ot. 495 
Stephana rut dentaius, 440 
Stcrnite. 520; sternum. 520 
Stichosome. 552 

Sticktight flea, see Echitlnophaga ^ 
Stigmal plates, of maggots. 768. 770 
Stigmata l spiracles) of mites. 541 
Stilbamidinc. 123 

Stoll-I lau'hcer egg count method. 254 
Stomach worm, see Ascarops. Hannon. 

Wins. Uyostrongylus 
Stomosyidae. 66S 

Stomoxys. 668, 694: calcttrans, 694. 

and disease. 689. 690. 695 
Stratiomyidae, 773 
Strigeata. Strige.itoidea. 273 
Strigeidae. 326 
Strike, in sheep. 779 
Strobila. 332 
Strongylata, 398 
Strongylidac, 418. 439 

Strongyliform larvae. 42^ 

S trongyloulcs. 465; fulh'horni, 469 
rath. 467; stcrcoralis. 465 
Strongyloididae, 465 
Strongylus, 440; iulga/is. 440 
Stylet, of cercaria, 260 
Stylostomc, 552 
Suctorca, 49 
Sulfonamides, 188. 211 
Suramin, 145; sec also Antrypol 
Surra, 157 
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Swamp fever, 446 

Swimmer’s itch, 294 

Symphoromyia, 687 

Syncera lutea, 301 

Syngamidac, 418, 442 

Syngamus laryngeus , trachea, 442 

Synthetocaulinae, see Protostrongylinae 

Syphacta obveleta, 464 

Syphilis, 223 

Syrphidae, 667 

Tabanidac, 667, 686; control, 691; and 
disease, 689 
Tabanus, 688 

Taenia, diagnosis, 343; other species, 
360; saginata, 359; solium, -355; 
treatment, 343 
Tacniduc, 354 

Tapeworms, ancestral hosts. 340; classi¬ 
fication, 340; Cycloph) llidca, 342. 
354; diagnosis, 343; effects on hosts. 
351. 352, 357, 360; general structure 
and anatomy, 332; host specificity. 
342, 343; life cycle, 337; (X-rnicious 
anemia, 351; physiology. 332; pre¬ 
vention, 344; Pscudophyllidea. M2. 
345; reproduction, 337; treatment, 
343 

Tarsonemutidae. 512 
Tarsoncnms fluncolui, 558 
Tarsus, 521 

Tartar emetic, see Sodium antimony 
tartrate 

Tclcmumi tcclini«|tic, modilic.itioiis, -53 
Telosporulea, 19. 161 
Ten eighty { 1080 660 
1 1 neb no, 371 
Tcrgite. 520; tergum. 520 
ler aide ns deminutus. 441 
Teiramscm, 75, 91. 108, 463 
Tctrachlovuctlix lenc, 319, 402, 434, 456 
Tctrameres, *95 
Tctrnmitulnc, 67 
Tetraphxllidcj, 342 
Teliathx ridiom, 377 
Texas lever, 195, 595 
TheiUiia, 190; other species, 199; 
puna, 19 

Thclazui, 5U2; species of, 502 


Theobaldia, see Culiseta 
Thiara, 270; granifera, 301 
Thiaridae. 270 
Thiocarbarsone, 75 
Three-day fever, see Sandfly fever 
Thymol, 319 

Thysanosorua actinoides, 373 
Tibia. 521 
Tick-bite fever, 590 
Tick paralysis, 585 
Tick typhus, 589 

Ticks, Anaplasmosis, 597; anatomy, 570; 
Babesiidae. 595; classification, 576; 
control. 597; habits and life history', 
573; Hepatozoon canis, 587, 595; 
important general and species, 579, 
581; injury from bites. 585; list of 
organisms transmitted, 587; moose 
disease, 586; paralysis, 585; relapsing 
fever. 587; relationships, 540; repel¬ 
lents, 598: rickettsial diseases, 589; 
Hcliizotrypanum cruzi, 150; tularemia 
and other bacterial diseases, 594; 
viruses, 596 

Tin, for tapeworms, 344 
Toluene, 794 

Tongue-worms, see Linguatula 
Torsalo, see Dermatobia hominis 
Toxaphcne, 533 
T oxascaris, 458 
Toxocara, 458; canis, 458 
Toxoplasma, 199 

Toxorhynchitcs, 731; brevipalpis, 752 
Trachea. 524 
Trachoma, 696. 709 
Transovarial transmission. 531 
Transport hosts, 531 
Trapa natans, bicornu, 318, 319 
Trematoda. blood flukes. 277; classifica¬ 
tion, 270; development in annelids, 
247; examination of mollusks for, 
269; food. 243; fork-tailed group, 
273; intestinal flukes, 314; life cycle, 
262; liver flukes, 304; lung flukes, 
299; molluscan hosts, 269; Mono- 
genca, 273; oviduct fluke, 327; signi¬ 
ficance of intermediate hosts, 247 
Trench fever, 218, 629 
Treponema, 219; species, 222 
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Trcpnncmatoses, 223 

Triatoma. 610; hraziliens is. sordid a. 
011 ; dimidiata. 611: infestans. 611; 
North American species. 612; pro- 
tracta, 612; nd>rofasciata, 612: S. 
crusf-infcctcd species in United 

States. 613 

Triatominae, 60S; control. 614: and 
trypanosomes. 613 
Tribolium, 371 

Triccrcomonas intest inalis. 103 
Trichina, see Trichinella spiralis 
Trichinella spiralis, 403: course of dis¬ 
ease. 408; diagnosis. 410; immunity. 
411, mode of infection. 407: preva¬ 
lence. 407; prevention. 412; structure 
and life history. 404; treatment. 410; 
variety arctica, 404; virus transmis¬ 
sion, 230 

Trichinellidac, 400 
Trichinosis, see Trichinella spiralis 
Trichohilharzia, 295 
Trichoccphalus, sec Trichurls 
Trichocysts, 43 
Trichodectes, 637 . canis. 637 
Trichodcctidac, 637 

Trichomonadida. Trichomonadidac. 87 
Trichomonas, 89; batrachorum, tenax. 
91. 94; canlstomae. equibuccalis. 91; 
faccalis, 91; foetus. 95; gallinae. 90; 
gallinarum, 97; Itominis, 94. 95; 
vaginalis, 92; transformation of virul¬ 
ence, 47, 97 

Trichosomoidcs, Trichosomoididae. 

Trichostrongylidae, 418. 443 

Trichostrongylus, 443; species of. 445 

Trichurata, 400 

Trichuridae, 400 

Trichuris, 400; trichiura, 401 

Trinoton, 634 

Tritrichomonas, 89 
Trochanter. 521 

Troglotrema salmincola, see Sanophyc- 
tus salmincola 
Troglotrcmatidac, 315, 323 
Trumbicula, 553 
Trombiculidac, 542. 550 
Trombidifonncs, 542 
Troinbidudae, 550 


Trophozoite, 46. 47 
Tropical eosinophilia. 494 
Tropical ulcer. 221 

Tropicorhis havanensis, 286; centri- 
metralis, 286 
Trypanoplasina , 87 
Trypanorhyncha. 342 
Trypanosoma. African. 137-147; Ameri¬ 
can. 147-156; of animals. 156; 
brucci. 137. 156; Congolese. 157; 
dimorphon, 157; duttoni, 134; cqui- 
num, 157: cquiperdum, 157; evansi, 
157: gambiense, 138. 156; general 
account. 131-135: genus. 113; ko>. 
136; Icuisi. 133. 135; life cycles. 133- 
135; melophagium. 135: pathogeni¬ 
city and immunity. 137; rangeli. 155: 
rluHlesien.se, 156; simiae, 157; thei- 
leri. 1:35, 157; type. Ill; unifonne, 
158: t i» ox. 157 

Trypanosomiasis. African. 137; Ameri¬ 
can. 147; «»f animals, 156 

T rypanosomidac. 86 . Ill 

Tr> parsamide. 146 
Tsetse Hies, see Cdossina 
Tsut'ug.amushi. sec Scrub typhus 
Tubifcra, 773 
Tularemia. 226. 587 
Tumbu fly. see Cordylobia 
Tonga. 646; penetrans. 658 
Tungidac. 616. 658 
Turlndlaria. 239 

Turkey, helminths. 388. 403. 442. 459; 
lice. 636; myiasis. 786: Protozoa, 9.. 
103. 211. 685 
TWSb. 292 

T> pints, endemic, murine, or shop. 628. 
653; epidemic. 628; scrub, 217. 55 >. 
tick-borne. 216. 589; types. 216 
T> roglypbidac, see Aearidac 
I'yritglyphus, see Acarus 
Tyropbagus, 559 


Uncinaria stenocephala. 438 
Undulant fever, see Brucellosis 
Undulating membrane. 42. 133 
Vranotaenia, 729 
Urea, for hookworm larvae. *ji 
U rea stibaminc, 123 
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Uta, 119 

Uterine bell, 384 

Vegetables, treatment to kill protozoan 
cysts, 76 
Venation, 522 

Verminous gastro-enteritis, 444 
Verruga peruviana, 674; Sec also Oroya 
fever 

Vincent's disease, 221 
Viofonn, for amebiasis, 75 
Viruses, 227; by arthropods, 596, 696, 
698, 708, 742-755; transmission by 
helminths, 446, 447 
Visceral larva migrans. 459 
Volutin, 44 

Warbles, see Hypoderma 
Ward, H. B., 10 
Warfarin, 660 
Wnsserman test, 221 
Watsonius watsoni, 316 
Wcil-Fclix reaction, 216, 554, 590 
Weil's disease, 225 
West Nile virus, 228 
Wheelbug, 613 
Whipworm, see Trichuris 
Whitmore's bacillus. 655 
Willis egg flotation method. 2-53 
Wings of insects, 522 
Wireworm, we llacnwnchus 


Wohlfartia, 769; magnifica, 781; vigil, 
opaca, 781 
Wool maggots, 779 

Wuchcreria, 475; animal reservoirs, 484; 
bancrofti, microfilaria, 474; diagnosis, 
482; distribution, 475; life cycle, 477; 
mafoyi, 484; morphology, 476; padr- 
ology, 479; periodicity, 477; trans¬ 
mitters, 477; treatment and preven¬ 
tion. 482, var. pacifica, 477 
Wyeomyia, 728; smithii, 728; haynei, 
728 

Xenodiagnosis, 493 

X cnopsyUa, 646; astia, 656; braziliensis, 
656; chcopls , 656; hawaiicnsis, 656; 
philoxera, 656 

Yatren, 75 
Yaws. 223 
Yellow fever, 742 

Yellow fever mosquito, see Aedcs 
aegypli 

Yellow grub, see Clinostomum 
1 Zedcr, 7 

Zinc sulfate, flotation, 253 
1 Zinssera. 215 
Zoological names, 31 
Zoomastigophorea, 48 
, Zygote, 47 





